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SPECIAL ROLLERS FOR 
BITUMINOUS ROADS, 





1869 


3 umford, Li 


CULVER STREET WORKS, COLCHBSTER. 
Ow ADMIRALTY AND War OFFICE LIsTs. 

ENGINES for Torpedo Boats, Yachts, ‘Launches. 

BOILER FEED PUMPS. 

See advertisement page 18, 


PATENT wa ‘BOILERS. 
UTOMATIC FEED REGULATORS. 


And suited Machinery as supplied to the 
Admiralty. 217 


D redging 
FLOATING CRANES, | 
HAARLEM, 


Werf Conrad, HOLLAND. 
Agents: MARINE WORKS, Lrp., Friars + Rao: 
39-41, New Broap Sr., LONDON, B.C.2. 
See half-pige Advert. last week and next week. * 1382 


(XRANES. All Types. 


GHORGE BOseRb i. & oo. LTD 
otherwell. 1867 























Svea: 


TaCOOAL BUN KERING 
















STEEL TANKS, PIPES, GASHOLDERS, &c. 


F[ihos. Piggott & Co., Limited, 
BIRMINGHAM, 1241 
See Advertisement last week, page 88. 


pencer- [J opwood & Kirke 


PATENT 
BOILERS See Page 82. 
Sole Makers; SPENCER-BONECOURT, Lap: 
Parliament Mansions, Victoria St., London, 8.W. 


lank Locomotives. 
Roouthenioon and Workmanship equal to 
‘ain Line Locomotives 
R. & W. HAWTHORN, LESLIE & Co. Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNR. 1864 
HEAT [NSULATION. 


CELITE PRODUCTS CORPORATION, 
Windsor House, Westminster,S.W.1. 1675 
__ See our Illustrated Advertisement, Jan. 11. 


K J. Davis, M.I.Mech.E., 


Engines Inspected, Tested and 
























Reported upon. Over 25 years’ experience. Tel. : 
oo there 1136 &1737, Wire: * Ra don.” 
~—Great Eastern Road, Stratford, 1794 





rett’s atent a 0. 

B P LIMITED. L C 

Hammers, Presses, Furnaces, 
COVENTRY. 610 


[2vincible Gauge (lasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
* Manchester, Od 9753 


Wiectric ranes. 
K C 1357 


8S. H. HEYWOOD & CO., LTD., 
REDDISH. 














mo ller, Heteeliaen Sons & Cassell. 


SALE AND. ‘VALUATION 
PLANT AND ° MACHINERY 


BNGINEBRING WORKS. 
jl, BILDLITER SQUARH, &.C.3. 


. Ironand Steel. . 
Pubes and» Fittings. 


Bole Lice: naoge in Great Britain for the manufeotare 
“Armco” Rust and a Corrosion: Resisting ag 


1884 








ly 


SHALLOW DRAFT VESSELS. 
1552 


(Yampbells & Herter, L 4. 


Gear Cutting. 

Worm Wheels cut up to 18 ft. diam. 

Bevel and Mitre Wheels planed up to 3 ft..diam. 
Spur Wheels cut up to 9 ft, diam 

DOLPHIN FOUNDRY, LEEDS. 





4547 





® ‘V osPER_ & Co, La. 


SHIP &  AUNGH ‘BUILDERS, Od 3551 
ENGINEERS & BOILER MAKERS. 


THE Griasaow Roiiine STOOK aND PLANT Works. 


Here Nelson & Co., Lid., 


A bontdersofRaILWAYOARRIAGHS, WA ae 
RS, and EVER 
— RAILWAY and TRAMWAY ROLLING STOCK, 
Makers of WHEELS and AXLES, Raruway Puant, 
Foreines, Smita Work, Inon & Brass Castings, 
Pressep STEEL WORK OF ALL KINDS. 
istered Office and Chief Works: Motherwell. 
ion Office ; 14, Leadenhall Street, B.C. Od3382 





Lon 





Sys 
PRESSURE, AIR, STEAM 
For Boilers of all types. 
KERMODES LIMITED, 
35, The Temple, Dale Street, 


Liverpool. 
Naval Outfits a Speciality, 
also for Merchants Ships, for 
Factories, Locomotives, and 
Industrial Process Furnaces 
of all kinds, 
Supplied. to the British and 
other Governments. 
Telephone No.: Central 2832 
Telegrams: “ Warmth.” 


ocomotives Tank Engines 
esigned and constructed by 

MANNING, WARDLE AND COMPANY, LimrTeEp, 
yne Engine Works, Leeds. d 2487 

See their Illus. Advertisement, page 91, last week. 


RAILWAY AND TRAMWAY ROLLING STOCK, 


H= Nelson & Co L ‘4. 


THE GLascow Routine Stock AND PLANT phys 
MoTHERWELL. Od 338: 


R Y. Pickering & Co., Ltd. 
° ABLISHED 1864.) 
BUILDERS of RAILWAY CARRIAGES & WAGONS 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS FOR HIRE. 
Chief Works and Offices: 
WISHAW, near GLASGOW. 
London Office: Od 8353 
8, Vicronia STREET, WesTMINSTER, S.W. 


Patents and Trademarks :— 
Inventors Advice, Handbook and Consult- 
ations free.—KINGS PATENT AGENCY, LTD. 
be King, Director), 146a, Queen Victoria Street, 
yondon. years’ refs. 1209 


IL FUBL SUSHARCRE, 
O = 


4078 














Struts, Perron Tanks, Am RECEIVERS, STEEL 
CuiImNneys, RIVETED STEAM AND VENTILATING PIPES, 
Hoppers, SproraL Work, REPAIRS OF ALL KINDS. 


IRON & STERL 


Tubes AND » Fittings 


Steel Pics. 
Srewarrs AND Liovns, La. 


GLASGOW - BIRMINGHAM - LONDON. 
See Advertisement, page 51. 1872 


Peter Brotherhood L {4 


PETERBOROUGH. 


sear — ENGINES AND TURBINES. 
AS AND OIL ENGINES. 
COMPRESS 


AIR P. ORS, 
REFRIGERATING PLANT. 
See Advertisement, page 53, Jan. 18. 


ryihe saeart Railway 


ineering Compan 
Engine Sante. P vd 
London pe tiggest Victoria Street, S.W. 





1475 





MANUFACTURERS OF 
RAILWAY Cee WAGON & TRAMWAY 


HEELS & AXLES, 
CARRIAGE & WAGON IRONWORK, also 


CAST-STEEL AXLE BOXES, 1234 





Umare Opportunity. 


FOR SALE 
at CONSIDERABLY REDUCED PRICES, 
a Number of 


New Electric Portal 


Harbour Cranes, 
gyi 3 tons and 1} tons, 
mum radius 54 ft. 

Built to a first-class Colonial 8 
Ready for IMMEDIATE DELIV 
spare rts, 

Full etter = a 

Address, © 212, Offices of 


ification. 
RY, including 


lication. 
NGINEERING. 





Telegrams: ‘‘ Epa,” London. 
Telephone ; 7425 Central. 


E. P. Alexander & Son. 


CHARTERED PATENT AGENTS, 
30%, High Holborn, London, W.C. 1, 
PATENTS. DESIGNS. TRADE MARKS. 








(['ransporters. 


Filectric 


8. H, HEYWOOD & CO., LTD., 1357 
REDDISH. 


I 
Eeedsew b)*** 


8. H. HEYWOOD. & 0O., LTD., 
REDDISH. 


357 





Phone—Hlolb. 541. ‘Tele.—Andrubo, Holb., London, 
drews & Beaumont, 


AS 
’ CHARTERED PATENT AGENTS, 1292 
29, Southampton Buildings, London, W.C.2. 


ON ADMIRALTY LIST. . 


sie Kittel ds: Ltd., 


London Office: 101; LeapEenHay 81., B.C.3. 

Works: Buryt Mint, near HaRLow, " Hasex. 
_. Makers of 

Evaporating and Distilling Plants. 

Food Wat rating and Ice-making Machinery. 

— eaters, 


Water Distillers. 
Mate Feed Pum 











The Scottish - Tube, see 





- Combined Ciroulatiag and Air Pumps. 
Auxiliary Surface Ay Condensers, 


GE ARS ,OF..sveny 


DESORIPTION. 
ing G 5 
AUTOGHARS (Lupe), Lev. Hede’ ark Toea 7% 


Leeds, mend 
P & W. MacLellan, Ltd., 
« CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices; 129, Trongate,Glasgow. 048547 
Registered Offices: Clutha House, ‘ey Princes St 
Westminster, 5.W.l. - aioe 
Yarels 


DIESEL & aTmaM we. 
Kinnaird House, 1, Pall 








uF 
inst, 8.7. % 


} Dou Num P PRS 
VOL. CXVIL—No: 3030.]  [Beistered at the General)” - LONDON: FRIDAY, JANUARY 25, 1924. ["wrrm Ixpax. (by Foution Post" 95. 44, 
Aveling & Porter, [4 YARROW | cee | SO: Bowes Tiel Fe ees. aun eee 

epriseee sigue MILLWALL, LONDON, E 1216| FEED WATER HEATERS, geeks 

cesubiess : GENERAL ConsTRUCTIONAL ENGINEERS, CALORIFIERS, EVAPORATORS 

PASSENGER AND CARGO STEAMBRS. : : , he f PATENTS, 
TR. _ » | Boilers, Tanks, &Mooring Buoys | Onn ees AN ST RAL 

team & {rude il Fyollers. ’ Merrill's Patent TWIN STRAINERS for Pump 


Su 
SYPHONIASTRAMTHAPS, REDUCING VALVES. 
High-class GUNMETAL STEAM FITTINGS. 

ATER SOFTENING and FILTERING. 5728 


YARROW : uow, 





LAND AND MARINE 


YARROW BOILERS. 


Matthew pa & (Co L* 


1483 
LEvENForD Works, Dumbarton. 
See Full Page Advt., page 46, Jan. 4. 


Forein gs. 


Walter 
ts I laylor & (Shallen 


resses 
For Production of SHEET METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER. 
Foundry, Works, and Showrooms : Maer 
See advert., page 80, Jan. 4. 


He Wrightson & Co. 


LIMITED. 








omers, Limited, 
HALESOWEN, 7116 





See Advertisement page 54 2402 


ailway 
G witches and 


rossings. 


T. SUMMERSON & SONS, LIMITED, 
DaRLINGTON. 


Davip Brown & Sons ciuaa.) Ltd, 
Lockwood Huddersfield, 
HIGH OLASS 


Mechine (xt (eating 
FOR EVERY PURPOSE. 1440 


ames D. Roots— Patents, 


BRITISH and FOREIGN. Moderate charges, 
Long and varied practical Engineering experience 
valuable to Inventors. Former] engineer contrib. 





1312 








utor of Patents Abstracts for “The Engineer” & “The 
Times.”-—-Thanet House, Temple Bar, London, W.C.2, 


Fo Your Re Shae or any 


go wae yy 7 3” 
Bridge Road West, Battersea, §.W. 11. 
Est. 1854, 





Orpen x unr 280k 





ocomotive 
(ELECTRIO). 


8S. H. HEYWOOD & CO., LTD., 
REDDISH. 


([taversers 
1357 





= | rein of all Descriptions, 


GEAR WHEELS up to 10 ft. diameter. 
FLY ROPKH and 


PUR DRIVING WHEELS 
up to 28 ft. diameter. 


BRICK and OLAYWORKING MACHINERY 
of all kinds. 
—* Unifiow,’ 


eo 
‘CLAYTON, sags os mcg & CO., Lrp., sii 


Conesfuens 


“Corliss,” or Drop 





MOTHERWELL, SCOTLAND. 


- 1616 








See half-page Advertisement, page 64, Jan. 18. 


Pott, ((assels& YV/ illiamson, 
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ENGINEERING. 








ASSOCIATION, 
vention of Steam Boiler Explosions and 
imment of Economy in the Application 
of m, 9, Mount STREET, MANCHESTER. 
Ohief Engineer: ©. B. STROMEYER, M.1.0.B. 
Founded 1854 by Sir Wm11am Farrbatey. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Lisbilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 1311 


| [niversity of Manchester 
(FACULTY OF TECHNOLOGY). 


MANCHESTER MUNICIPAL 
COLLEGE OF TECHNOLOGY. 


APPOINTMENT OF 
PROFHSSOR OF TEXTILE TECHNOLOGY. 


[the Manchester Steam Users’ 


For the 
for the a 





The City Council and the University of 
Manchester jointly invite applications for the 
Professorship of Textile Technology in the University 
of Manchester and in the College of Technology. 

OCemmencing Salary : £900 per annum, 

Conditions o cease and form of application 
may be obteimed from the Registrar, College of 
Technolegy, Manchester. The last. day for the 
receipt applications is Friday, 29th February, 
1924. 

Canvassing, elther directly or indirectly, will 
disqualify a candidate for oppoiatment. 

B. MOUAT JONES, 
Dean of the pap 1 
C 155 Princi;,al of the College, 


orrespondence Courses for 
Inst, Civil B ., Inst.Mech .B., London Univ. 
‘8c.), and All BNGINBERING 
reonally conducted by Mr. 
REVOR W. PHILLIPS, B.Sc. (Honours), Assoc. 
M.Inet.0.H., M.R.S.1., F.R.S.A., etc., Also Day 
Tuition in Office. Excellent results at all Exams. 
Courses may eommence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to 8/11, Trarronp CHAMBERS, 58, 
Sours Jonn Sraret, LIVERPOOL. 1298 


Eagineering Salesmanship 
and SALBS MANAGEMENT.—Write for 
brochure describing our specia] Course of training 
for posts of unlimited scope in this lucrative field.— 
DIEBOCTOR, Institute of Engineering Salesman- 
ship, 833, Oxford Road, Manchester. 187 











TENDERS. 


THE MINISTRY OF PUBLIC WORKS, HGYPT, 
is calling for 


(['enders for the Supply and 


al ata sie of-a PUMPING PLANT at 

The contract will include the supply, delivery and 
erection of the whole of the Machinery and Acces- 
sories, ineluding Four Internal Combustion Engines 
_— directly coupled to Centrifugal or Turbine 

ump. 

Forms of Tender and Specification, price 10/-, can 
be obtained at the Office of THB INSPECTING 
ENGINEBR, Egyptian and Sudan Governments, 
Queen Anne's Chambers, Westminster, S.W.1. 

Tenders must be sent direct to Cairo, to reach 
there not later than Noon on the 3lst March, wr 

3 650 





SALE BY TENDER. 


[lenders are Invited for 
the PURCHASE, DISMANTLING 

and REMOVAL of PLANT (one Marine 
Type Dry Back Boiler) lying at the Head Post Office, 
Manchester. 

Tenders will be received until Ten a.m. on 
Thursday, the 3lst January, 1924. 

Forms of Tender, containing all particulars, can be 
obtained on application to the CONTROLLER, 
Post Office, Stores Department, Studd Street Depot, 
Islington, London, N. 1, 

The Postmaster-General does not bind himself to 
accept the highest or any Tender. 

: By Order of the 

POSTMASTER-GENERAL, 
General Post Office, 
January, 1924, 


NORWICH CORPORATION. 
THORPE POWER STATION, 
The Norwich Corporation invite 


[renders for the Manufacture, 
DBLIVERY and ERECTION of the under- 
mentioned ENGINEERING WORKS, in connection 
with the Thorpe Power Station, viz. ~ 

(e) Two 24in, and one 3in, electrically driven 
Centrifugal Pumys. 

(@) Bxtra high pressure, remote controlled, 
Main Switchgear, extra high pressure, hand 
operated, uxiliary Switchgear. low 
pressure, hand operated, Auxiliary Switch- 
gear, Cable Connections, ete, 

(#) gg moao-rail Telpher Coal Conveying 

nt. 

(1) Four steel (alternatively cast-iron) tube 

Fuel Kconomisers, two Steel Vhimneys, 

four electrically driven Suction Draught 


Fans, ete, 

Specifications, Drawings and Forms) of Tender 
may be obtained from Messrs, Preece, CARDEW 
& Riper, 8, Queen Anne's Gate, Westminster, 
S.W. 1, on ment of a deposit of £2 for each 


Section (issued in Supiteste) which will be refunded 


= receipt of a dona Tender within the prescribed 
time. 

Bxtra copies of either Specification may be 
obtained on payment of Ten Shillings for each copy, 
which will not be returnable. 

Sealed Tenders, endorsed ** Thorpe Power Station, 
Tender £Or ......-erceceeeeesesceveesy MUSE De delivered to 
me, ab my Office, not later than Ten a.m. on 
ay the 26th February, 1924. 

The lowest or any Tender will not necessarily be 
accepted, and the Corporation will not consider any 
Tender which is incomplete or which does not 
include the whole of the work covered by the 
Specification for any Section. 

ARNOLD H. MILLER, 
Town Clerk. 
Gullidball, Norwich, 
19th January, 1924, C 698 


EGYPTIAN STATE RAILWAYS. 


Tenders are Required for the 
CONSTRUCTION of STEEL ROOFS and 
SHELTER of Alexandria New Station. ; 
Copies of the Specification and past mere 
obtained from the INSPECTING ENGINEER, 
Egyptian and Sudan Governments, Queen Anne’s 
Chambers, Broadway, Westminster, §.W., on 
payment of £6 3s. 0d. ; 
enders are to be submitted to the Authorities in 
Cairo not later than the Ist May, 1924. C 690 


THE CORNWALL COUNTY COUNCIL 
invites 


f | Yenders for the Construction 
of a LARGE STEAM CHAIN FLOATING 
BRIDGE for use on its Ferry Service between 
Devonport and Torpoint. 
Copies 6f the Drawings and Specification, and 
a Form of Tender may be obtained from the under- 
signed on payment of Two Guineas, which will be 
returned on receipt of a bona-fide Tender, and, if the 
Tender is not accepted, on the return of all papers 
and documents, 

Sealed Tenders, endorsed “Floating Bridge,” 
should be received by the erry © not later 
than Ten a.m, on Tuesday, the 12th February, 1924, 

The Council does not bind itself to accept the 


lowest or any Tender, 
W. L, PLATTS 


Clerk of the County Council. 
County Hall, Truro, 
__ 16th January, 194, CD 
TYNE IMPROVEMENT COMMISSION. 
EXTENSION OF NO. 84 COAL SHIPPING 
STAITH, WHITEHILL POINT, NORTH 
SHIBLDS. 





THE TYNE IMPROVEMENT COMMISSIONERS 
are prepared to receive 


[lenders for an Extension 

(of Steel Construction) of their No. 3a COAL 
SHIPPING STAITH, Whitehill Point, North 
Shields. 

Copies of the Form of Tender, Conditions of 
Contract, Specification and Drawings may be 
obtained on application to the undersign on 
payment of a deposit. of £2 2s. 0d., which will be 
returried on receipt of a bona fide Tender. 

Tenders must be sent to the undermentioned 
Offices under cover addressed to “‘The Chairman, 
Docks Oommittee,” and endorsed “Tender fer 
Extension of Coal Shipping Staith,” not later than 


9} Noon on Thursday, the 3lst day of January, 1924. 


The Commissioners do not bind themselves to 
accept the lowest or any Tender. 
By Order, 
ALBERT BLACKLOCK, 
Secretary. 
Tyne Improvement Commission Offices, 
Bewick Street, 
Newcastle-upon-Tyne, 
18th January, 1924. CO 700 
CUMBERLAND OOUNTY COUNCIL, 
HIGHWAYS AND BRIDGES DEPARTMENT. 


NEW LOOP ROAD, WHITEHAVEN, 
STEEL SUPERSTRUCTURES FOR TWO 
BRIDGES. 





The Cumberland County Council invite 


esigns and Tenders from 
STEEL BRIDGE CONTRACTORS for the 
CUNSTRUCTION and .COMPLETE BRECTION 
of the STKEHL SUPERSTRUCTURES for TWO 
NEW BRIDGUHS required upon the New Loop Road, 
Whitehaven, and across two District Roads in the 
Town of Whitehaven, about 14 miles from White- 
haven Station (L.M. & 8. Rly.). 

General Conditions and Specification of Data with 
Form of Tender can be obtained at the Office of the 
undersigned on payment of £2 (which sum will be 
returned on receipt of a dona fide Tender) on and 
after Monday, January 28th, between the ‘hours of 
9,30 a.m. and Four p m. 

dealed Tenders endorsed “ Designs and Tenders 
for Whitehaven Bridges,” must be delivered to the 
undersigned not later than Twelve Noon on the 12th 
February, 124. 

The Council do not bind themselves to accept the 
lowest or any Tender, 

G. O. LOCKWOOD, Assoc.M.Inst.C.E., 
Chartered Civil Engineer, 
County Surveyor & Bridgemaster. 
The Courts, 
Carlisle. 
2ist January, 1924. C7. 
BATLEY CORPORATION WATERWORKS. 


BROWNHILL RESERVOIR. 


The Waterworks Committee are prepared to receive 


[tenders for the Construction 
ofan EMBANKMENT, etc., for the formation 
of a Reservoir, with ancillary works, in the valley of 
the River Holme, a few miles from the Holmfirth 
Station of the London, Midland & Scottish Railway. 
The work will consist of the excavation and refilling 
of the Puddle Trench, boring aud grouting of the 
strata forming foundetions, Harthwork Hmbank- 
ment, Waste Weir and Water-course, Discharge 
Tunnel, Valve Shaft and Houses, Weir, Aqueducts, 
and Pipe Lines of various diameters, includiag 
Valve, and other Wells, Motor Houses, ete., together 
with a row of nine Cottages. Drawings can be seen, 
and copies of the Specification, Schedule and Form 
of Tender may be obtained on and after Monday, 
the 2ist day of January, 1924, at the Offices of 
Messrs. G. H. Hitt & Sons (Manchester), Civil 
Engineers, 40, are A Street, Manchester, apon 
receipt of the sum of Fiv 

after the Corporation shall have come to a decision 
upon the Tenders, be returned to those ties who 
shall have sent in a dona fide Tender, shall not have 
withdrawn the same, and shall have returned the 
documents aud ages lent to them for the 
purpose of making up théir Tender. A limited 
number of sets of the Drawings (uncoloured) are 
available, and will be lent to persons tendering in 
jority of application on receipt of the sum of 
hree Guineas, which will nut be returned. Sealed 
Tenders, endorsed ‘Tender for Brownhill Reservoir,” 
and addressed to the “‘ Uhairman of the Waterworks 
Committee,” must be forwarded to the Town Clerk 
Town Hall, er on or before the 19th day of 
February, 1924. e Committee do not bind them- 
selves to accept the lowest or any Tender. 

THOS, BE, CRAIK, 

Town Clerk. 


Town Hall, Batley, 
: 0 706 





17th January, 1 


hs Seek 


e Guineas, This sum will, |} 8 


[the Director - General, 
India wefan ag pyar Branch 
No. 17, Belvedere , Lambeth, §.E.1, 
REQUIRES :— 
SPRINGS, Helical, for Li 2 Wagons, 
Tenders due on the 5th February, 1924. 
Tender Forms obtainable from e. 


COUNTY BOROUGH OF STOKE-ON-TRENT. 
CONSTRUCTIONAL STEELWORK. 


[lenders are Invited for the 


SUPPLY of STEBLWORK for Founda- 
tions in the Central Power House, and to support 
boiler-house mtg floor therein, also for steel ash 
and soot hoppers for water-tube boilers, The whole 
will form one contract. 

Tender Form and Specification obtainable from 
Borough Electrical Engineer, St. Peter’s Chambers, 
Stoke-on-Trent, on deposit of £2. 

Tenders to be delivered by Noon, February 13th, 


1924, to:— 
E. B. SHARPLEY, 


‘own Clerk. 
Town Hall, Stoke-on-Trent, 
25th January, 1924. C 731 


BOMBAY, BARODA & OENTRAL INDIA 
RAILWAY CO. 
The Directors are earecet. to receive up to noon 
on Friday, 15th February, 


[renders for the Supply of 


SPRING STEEL, 

Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these Offices 
on payment of 10s, each (which will not be returned), 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

8. G. 8. YOUNG, 


Secretary. 
Offices : 91, Petty France, 
Westminster, 8.W.1. 
23rd January, 1924. C 747 


TO ENGINEERS AND CONTRACTORS, 
CROMER WATER WORKS. 


The Cromer Urban District Council 
are prepared to receive 


[['enders (from Persons or 

Firms who have had experience of works of a 
similar character) f the MANUFACTURE, 
ERECTION and SETTING TO WORK of PUMP- 
ING MACHINERY and BOILER at the Pumping 
Station, Metton, near Cromer. 

Plans can be inspected and Specification and 
Form of Tender obtained at the Office of the 
Engineers, Messrs. J.C. Mrnuiss & Co., 156, Gresham 
House, Old Broad street, London, E.C.2., on pay- 
ment of Five Pounds, which will be returned on 
receipt of a bona fide Tender. 

Sealed Tenders (in the prescribed form) are to be 
delivered or sent to me at or before Noon, on 
Saturday, the 16th February, 1924. 

The Council do not bind themselves to accept the 
lowest or any Tender, 

By Orde 


Council a, 








Tr, 
J. K. FROST, 

Clerk to the Council. 
romer. 


18th January, 1924. C 152 
THE BURMA RAILWAYS COMPANY, LIMITED. 


The Board of Directors of the Burma Railways 
Company, Limited, are prepared to receive 


r ‘['enders for the Supply of :— 


(4) 88 COVERED GOODS WAGONS (4-wheeled). 
50 BALLAST WAGON UNDERFRAMES, 
20 B0GIE QUADRUPLE BOLSTER 


WAGONS. 

{B) 356 Pairs WHEELS and AXLES for above. 

For each copy of the Specification (a) a fee of 20s. 
will be charged, and for each copy of the Specifica- 
tion (B) a fee of 10s. will be charged, which fees are 
not returnable.. Tenders enclosed in sealed en- 
velopes addressed to ‘‘ The Chairman and Directors,” 
and endorsed ‘‘Tender for Wagons and Underframes,” 
or as the case may be, must be delivered at the 
Company’s Offices not later than Noon, on 
Weduesday, 20th February, 1924, 

The Directors do not bind themselves to accept 
any or the lowest Tender, and reserve the right to 


divide the order. 
By Order of the Board, 
F, 0, FRANKS, 
Secretary. 





23rd January, 19440 __ 0729 
TYNE IMPROVEMENT COMMISSION. 


DREDGER FOR SALE, 


The Tyne Improvement Commissioners invite 


[Tenders for the Purchase, as 
it lies, exclusive of Mooring Chains and Ropes, 
of No. 6 IRON BUILT UBLE LADDER 
BUCKET DREDGRR, at 

in the River, at Jarrow. ngth feet, breadth 
39 feet, depth 12 feet, draft forward 9 feet 6 inches, 
drait aft 8 feet 6 inches, fitted with complete chain 
of burkets, 36 on each ladder, having a capacity of 
about 15 cubic feet per bucket, and capable of 
dredging to a depth of about 44 feet, through 
independent friction gear, port and s , driven 
by a set of side lever engines with variable expansion 





D 


ear. 
The vessel may be inspected on application to the 
Manager at the Commissioner's Yard, Howdon-on- 


Tyne. 

Full icularsand Conditions of Sale can be had 
on application to the undersigned. 

Tenders in sealed envelopes, endorsed on the 
cover “Tender for No. 6 Dredger,”’ must be 
addressed. to the Chairman, Dredging & River 
Works Committee, and delivered at the under- 
mentioned Offices not later than Noon, on Friday, 
the 8th day of February, 1924. 

e Commissioners do not bind themselves to 
accept the highest or any Tender. 
iy Order, 
ALBERT BLACKLOCK, 
’ 


Tyne Improvement Commission Offices, 
Bewick St: 


reet, 
Newcastle-upon-Tyne. 
2ist January, 1924. 
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he 
0 
FITT. 
FITT ERAL, 

s 0 and POWER 61 
TRADESMEN. Age limits:—Ex-Serv: - men 1g 
30; Non Ex-Service 18 to 26 ; men high’; skilled t 
certain trades up to 35; ex-N.0.0s, up ‘5 38 (with — 
rank according to trade ability). Pay irom 24/6d, 
to 66/6d. per week, on enlistment, ai ali found, 
Allowance for wife and children to mer. <4 and over 
—Write, be or call:—INSPROTOR OF 
RECRUITING, R.A.P., 4, Henrietta Street, Covent 
Garden, London, W.C.2. C485, 


SOUTH INDIAN RAILW::_ 





pplications are Invited from 
duly qualified Candidates for V.\ CANCIES 
for TWO ASSISTANT LOCOMOTIVE ang 
CARRIAGE SUPERINTENDENTS oc: the Com 
pany’s staff in India. 
Candidates, who should not be less than 95 years 
of ageand preferably unmarried, must have 
@ sound general and technical educatio::, with sup. 
sequent training in Railway Locomoti:e or Loco. 
motive Manufacturer's Workshops. They must also 
have had Locomotive Running Shed and Firing 


——. 

he terms of the ap 
for three years in the 
asalary of 450 rupees 
overseas allowance of 150 rupees per mensem, 

by annual increments of 50 rupees per niensem for 
each year of approved service to a maximnm of 809 
rupees in the eighth year. 

fhe Company will provide a first-class passage to 
India, and the salary will commence from the date 
of sailiog. . 

The forms upon which application must be made 
will be forwarded upon application in writing 
made to Messrs. KopeRT WHITE & Paxrneps; 
Victoria Street, London, S.W.1, the Consultin 
Engineers to the Company, who will «t the same 
time forward ticulars of Leave, Gratuity and 
Provident Fund Rules. 

W. B. RBYNOLDS, 
for Managing Director, 
South Indian Yailway Company, 
91, Petty France, 
Westminster, 
8.W.1. 


ntments are ai agreement 
rst instance, commencing on 
r mensem, including an 


cil 
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udan Government Railways 
REQUIRE the SERVICES of TWO ASSIST- 

ANT CIVIL ENGINEERS. Starting rate of pay 
£¥.480 per annum, Age 26 to 33, preferably single, 
Should have good knowledge of survey and per- 
manent way work and possess AM.L.O.E. degree or 
equivalent. Preferably trained on British railway, 
Free first-class p  outand home, Progressive 
if detained.— Poly, by letter, toCONSULTING 
ECHANICAL ENGINEER, Sudan Government 
a das Steamers, 5, Northumberland — 
18 





udan Government Railways 
and STEAMERS REQUIRE the SERVIOES 
ofan ASSISTANT SUPERINTENDEN? 
ENGINEER, Does Khartoum. Starting rate 
of pay £E£.540 to £E.600 according to age and Vr: 
Progresssive to 2E.Y00 per annum. Aye 28 to 3, 
preferably single. Applicants should have had 
thorough training in marine engineering aud some 
dockyard experience and must be good administra- 
tive men. Should possess A.M.1.C.H. degree or 
equivalent. 
Pensionable post if permanently conta ae 

by letter, with copies of references, to CONSUL’ 
MECHAN ICaL ENGINEER, Sudan Government 
9 ee & Steamers, 5, Northumberland ve 





ssistant Engineer 


se for Railway pacter REQUIKED by 
the NIGERIAN GOVERNMENT for a tour 
of 12 to 18 months’ service. Salary £540, rising to 
£720 by annual increments of £30 and thence to 
£920 by annual inerementsof £40. Outfit allowance 
of £60 on fifst appointment. Free first-class 
sages afd camp equipment. Liberal leave on 
ull salary, Candidates, not over 40 years of age, 
must be fully qualitied Engineers with experiencein 
Railway Location,—Apply at once, by letter, sta 
age and giving brief details of et ay ¢ 
experience, to THE CROWN AGENTS FOR THE 
COLONIES, 4, Millbank, London, S.W., one 
at the top of application M/12375, Cu 


SINGAPORE, STRAITS SETTLEMENTS. — 
WATER DEPARTMENT. 
ASSISTANT BNGINBER. 

The Municipal Commissioners of Singapore 


‘ require an 
ssistant Engineer, Age 


25-30, preferabl pone ig ae 2 three 
ears’ Agreement, with poss: extension. 
must have a technical education, « regular 
training as a Civil Engineer, and have a pra 
knowledge of Surveying, Levelling and Roti nag) 
and at least three years’ experience in works 
Water Supply. Preference will be given to st 
Assistant who has the examination of the 
Institution of Civil Bngineers as Assoc.M.inst.C.B. 
The Testamur by examination of the Ins’ itution of 
Municipal and Crear En an 
advantage. Salary $6,960 for vhe first, $7,440 for the 
second, and $7,92v for the third r, paid mon 
in dollars, the currency of the Colony, the value 
the dollar being two shillings and fourpence scents 
The pay of the appointment for the first year ab 
rate would be £812. Such local transport 2 
as may from time to time be sanctione 
Commissioners will be e 





neers wil! be 


tr g,and ex, fi 
and refi Noles ag nalehg rho emma 
accom pani on. oO moni.is, 
also eon eo 4 with M 


CG, GC. LINDSAY &. P- B, M,M.Inst.C 


Street, Glasgow, Agents for the Comm: 
1 : particulars if reques: 
‘February, 1924. 
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ELECTRIC LOCOMOTIVE FOR THE 
IMPERIAL JAPANESE RAILWAYS. 


An important and far-reaching programme of 
railway electrification is being carried out on the 
Imperial Japanese Government Railways. This 
includes both main-line and semi-suburban~ con- 
version. In the first place, the present electric 
service worked by passenger motor-coaches between 
Tokyo and Yokohama, a distance of 19 miles, 
is being extended to Odawara and Yokosuka. This 
latter is a naval base town situated on a branch 
which leaves the main line at Ofuna, about 10 miles 


into operation they will take trains from Tokyo to 
Kozu, a distance of some 50 miles, stopping about 
half-way at Yokohama. Eventually, however, they 
| will ran to Odawara over the new direct route to 
| Numazu, 80 miles from Tokyo and about 4 miles 
beyond Mishima, which, as mentioned above, is the 
connecting-point between the new line and the original 
main line. The express passenger service between 
Tokyo and Kobe is normally maintained by four 
trains daily in each direction. Of these the fastest 
is the Limited Express, which is known as the day 
train and performs the 375-mile journey in 13 hours. 
The three other trains run during the night. These 


trains usually consist of 10 coaches, including a 


from Yokohama. Odawara is 33 miles from Yoko- 
dining-car. The night trains have first and second- 


hama, and Yokosuka is 23 miles. The main line | 








one-half of the vehicle given in Fig. 3. The under- 
frame is carried on two trucks, ésch equipped with 
three driving axles and one swivelling bogie. The 
driving wheels are 4 ft. 7 in. in diameter, and the 
driving axles are each driven independently by a 
motor. The total weight of the locomotive is 
100 tons, there being about 12 tons on each driving 
axle and 7 tons on each axle of the leading and 
trailing bogies. Compensation is provided between 
two axles only on each truck. As will be clear, 
the wheel arrangement of the locomotive is 
symmetrical about the centre line. 

The control of the locomotive is carried out on the 
English Electric Company’s camshaft system, and a 
diagram of the main 1,500-volt connections is given 

















proper, which is known as the Tokaido line, and | class sleeping cars, and the day trains an observation 
which runs in a south-westerly direction from | coach. 

Tokyo, through Yokohama, Nagoya, Koyto and| As the gauge of the lines over which the locomo- 
Osaka, to Kobe, is also being electrified. This line | tive works is 3 ft. 6 in., and as the service demanded 
has a total length of some 375 miles. At Kozu the | required a high power, amounting to 1,800 h.p. at the 
original main line makes a wide detour northward | one-hour rating, the question of the motor arrange- 
to climb over the lower slopes of Mount Fuji. A| ment and drive required much consideration. The 
new main line already constructed from Kozu to | arrangement adopted will be clearly seen from Fig. 2, 
Odawara will run through a long tunnel to rejoin} Plate [V. The conditions imposed by the narrow 
the old main line at Mishima, and will shorten the | gauge operated in the direction of limiting the size 


journey to Osaka and Kobe by about seven miles, | 


besides avoiding the present heavy gradients. 

In connection with this main-line electrification 
36 electric locomotives have been supplied by the 
English Electric Company, Limited, of Queen’s 
House, Kingsway, London. Of these, eight are of 


of motor which could be carried between the frames, 
and accordingly six motors were adopted. These 
; are each of 306 h.p. on one-hour rating. The line 
pressure is 1,500 volts direct current, and the motors 
are of 750 volts each and are run two permanently in 
series. A gear drive is used, and the arrangement 


the 4-6-6-4 type, and are illustrated in Fig. 1 follows closely that commonly utilised in connection 
above, and on Plate IV. The remaining 28 loco-| with multiple-unit passenger coaches. The whole 
motives are of the 0-4-4-0 type and have motor equip- | motor and gearing arrangement is a simple and neat 
ments of 1,220 h.p. The larger locomotives, the | one, as will be clear from Figs. 2 and 3 in conjunction 
mechanical parts of which were made by the North | with the end view and cross-section given in Figs. 
British Locomotive Company, are to be employed in | 4 and 5 on page 98. The general wheel arrangement 
express passenger service. When first they are put' is well shown in Fig. 2, and the enlarged view of 


|in Fig. 6 on page 98. The electrical arrangements 
|consist, briefly, of a main camshaft controller, 
| which is illustrated in Fig. 7 on page 99 and is 
| operated by an electric motor which is controlled 
| by a master controller, which is illustrated in’ Fig. 8. 
| The camshaft controller handles the main 1,500-volt 
| current, regulating the amount of resistance in the 
motor circuits and determining the grouping of the 
motors. It consists of a series of steel cams mounted 
| on a mica-insulated steel shaft. The electric motor 
drives the shaft through a flexible drive and worm 
gear, and as the cams are set at different angles, 
each in turn closes a contactor, the contactors 
regulating the amount of starting resistance in the 
main circuit and determining the grouping of the 
motors. As will be clear, the order of operation of 
the contactors is determined by a purely mechanical 
arrangement, so that it is impossible for them to 
close in the wrong order and no interlocking arrange- 
ment is required. An interlock is, however, pro- 
vided on the line switches, so that the camshaft 
cannot begin to rotate in a forward direction until 
the line switches have closed, nor in a backward 
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Fig.4 


direction until they have opened. The main current | 
is consequently always made and broken on the | 
line switches only, and the camshaft contactors | 
require neither blow-outs nor arc shields. 
The apparatus in the main 1,500-volt circuit | 
consists of the pantograph current collectors with | 
choking coils, an isolating switch and main fuse, | 
the magnetically operated line switches (which, as | 
mentioned above, are interlocked with the camshaft | 
controller), the camshaft controller itself, and the | 
magnetically operated reversers, which are in the | 
main circuit between the main motor armatures | 
and the fields. They are indicated in the diagram 
of connections given in Fig. 6. The pantographs | 
are raised by compressed-air cylinders operated 
from the brake compressor in the usual way. Each | 
of them is capable of collecting the whole current 
required by the six motors. The _high-tension 
control apparatus is situated in compartments 
arranged along each side of the locomotive body, 
as indicated in Fig. 5. View of these compartments 
are given in Figs. 10 and 11 on page 112. Sliding 
doors are arranged to cut off these compartments 
from the remaining part of the interior of the loco- | 
motive body, and the doors are interlocked with | 
the main isolating switch, so that it is impossible to 
obtain access to the high-tension gear when it is | 
alive. The sliding doors are clearly shown in 
Fig. 5, while the rails on which they slide can be | 
seen in Fig. 10. The camshaft controller can be 
seen on the right of Fig. 10 and in Fig. 11, while the | 
screens of the isolating links and line switches are | 
shown on the left of Fig. 10, The switches have | 
magnetic-shield blow-outs and are closed against 
a spring, so that there is no time lost in opening. | 
The control current is obtained from the 100-volt 
side of a motor generator which is in the centre 
of the locomotive body, and can be seen in Figs. 2, 
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1,800-H.P. 4-6-6-4-TYPE ELECTRIC LOCOMOTIVE; IMPERIAL JAPANESE RAILWAYS. 


THE ENGL 


ISH ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 
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3, and 10. Current is taken from this generator | the train wires to the position regulator on the 
to the master controller at each end of the loco- | camshaft controler, and from thence to the motor 
motive. One of these controllers is illustrated in | which drives the camshaft controller. The position 
Fig. 8. The two controllers are similar, and the | regulator is in the form of a drum-type switch, 
locomotive may be driven from either of them. | and can be seen, next to the motor, at the extreme 
From the master controller current passes through | Jeft hand of Fig. 7. As the master controller is 
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Fig. 8. Master ContTrocier. 


operated, the camshaft-controller motor is started 
and moves the camshaft controller into the position 
determined by the master controller. When the 
camshaft controller reaches this position the arma- 
ture of the camshaft motor is short-circuited by a 
relay, the energising of the relay being determined 
by the position regulator. This short-circuiting 
brings the camshaft. to rest instantly and without 
any hesitation or over-running. A 20-volt relay 
1s provided in connection with the control circuit, 
and if the line supply fails the master controller 
must be brought. back to the starting position, 
before power can again be supplied to the main 








Fia. 9. 





motors when the supply is restored. The line 
switches are tripped when the master controller is 
brought into the zero position. These switches are 
provided with an overload relay which is closed 
from the driver’s compartment. They can only be 
closed when the master controller is in the zero 
position. 

The motor of the motor-generator set is fed from 
the 1,500-volt line. The controlling apparatus 
consists of an isolating switch interlocked with the 
door of the high-tension compartment and an 
automatic starter consisting of three small contactors 
and a starting resistance. A reverse-current relay 
is incorporated in the circuit, since if the live voltage 
dropped suddenly the inertia of the set would cause 
the motor to feed back into the line. This relay 
inserts resistance in the circuit and safeguards the 














CoupLIna ARRANGEMENT OF Two LOCOMOTIVES. 


motor. This motor of the motor-generator set, 
besides driving the 100-volt generator which supplies 
the. auxiliary circuits, also drives two fans which 
are carried one at each end of the set, as shown in 
Figs. 2, 3, and 10. These fans supply forced 
ventilation air from the main motors. A stand-by 


| supply for the auxiliary circuits is furnished by a 


battery carried by the locomotive, this battery 
having sufficient capacity to operate for four hours 
in case of failure of the motor-generator set. 

The locomotive is fitted with automatic air brakes, 
and the compressor motors are supplied from the 
100-volt auxiliary circuit. A vacuum: exhauster is 
also driven from the same circuit. This exhauster 
is required for use in connection with the operation 
of the vacuum brakes on the existing passenger 
stock. Ultimately it is the intention to change over 
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all stock on the Japanese railways to “compressed | the equipotential or stream-line curves. The problem 


air brakes, and when this has been carried out the 
exhausters will be removed from the locomotives. 
Two or more of these locomotives can be run in 
multiple unit and driven from a single master 
controller, and a view of the coupling arrangement 
showing the brake pipes and electrical connections 
is given in Fig. 9 on page 99. The draw-gear and 
couplings are made to the Japanese Railway stan- 
dard, but arrangements are made so that the present 
gear can be removed and M.C.B. couplers fitted if 
desired. 








THE ELEMENTS OF THE LANCHESTER- 
PRANDTL THEORY OF AEROPLANE 
LIFT AND DRAG, 

(Continued from page 37.) 

In the preceding article it was shown that we 
could map out the stream lines produced in a perfect 
fluid by a fixed circular cylinder past which the 
fluid flowed. In a perfect fluid all forms are stream- 
line forms, but with actual fluids a cylinder is very 
far from being a stream line form. The stream 
lines, so far from closing in behind the cylinder as 
indicated in Fig. 8 ante, leave the surface instead 
of clinging to it, thus establishing a dead water space 
behind the cylinder, and the resistance is very much 
higher than with a fair form of equal transverse 
section. The importance of the solution found for 
the case of a cylinder immersed in a perfect fluid 
lies in the fact that by a simple mathematical 
transformation which may, if desired, be effected 
wholly by graphic methods, the cylinder can be 
transformed into a “stream line” form, and the 
stream lines round the cylinder into stream lines 
round the fair-shaped body thus obtained. The 
results of such a transformation are illustrated in 
Fig. 11, which is reproduced from a paper con- 
tributed by Major A. R. Low to the International 
Air Congress held in London last June. This figure 
illustrates the transformation of the circular stream 
lines round a cylinder rotating in a perfect fluid 
(Fig. 12) into the stream lines round a wing section. 
In this case, of course, the wing cannot be taken 
as rotating, but we can alternatively assume 
that, the rotating cylinder is replaced by a fixed 
cylinder, the surface of which is covered with vortex 
lines parallel to the axis of the cylinder and pro- 
ducing in the aggregate the same circulation as 
if the cylinder did rotate. ‘Still better we may con- 
sider both cylinder and wing section as vortex fila- 
ments, or “‘ tubes of spin.”’ A tube of spin is simply 
a bundle of vortex lines each of which is spinning 
on its own axis. Inside the tube there is no circu- 
lation, the motion due to one line being cancelled 
by that due to its neighbours, but there is circula- 
tion at the surface of the tube. (Compare Ampere’s 
Model of a Magnet.) We can thus avoid certain 
difficulties arising from the normal interaction 
between a solid surface and a neighbouring vortex 
line. In actual practice this normal interaction 
between the “lift” vortex lines and the wing 
surface seems in some way or other to be damped 
gut in the viscous layer, which creeps along any 
surface which is in motion through a fluid. These 
lift vortex lines act in fact as if they were “ bound ” 
to the wing, and do not move under the influence 
of their “images ” as a ‘‘ free ’’ vortex line would 
do. 

The radial velocity potential lines of Fig. 12 
have by the same method as used with the stream 
lines been transformed into the approximately 
hyperbolic curves shown in Fig. 11. Similarly, 
figures 13 and 14 show the transformation of the 
stream lines round the circle in Figs. 9 and 10 
(page 37 ante) into stream lines round the wing 
form, whilst the circle has been simultaneously 
transformed into this wing profile. This latter 
transformation is a very remarkable one, since the 
wing section terminates in a sharp cusp at the 
trailing edge, whilst the circle from which it is 
derived is, of course, free from any geometric singu- 
larity. We shall see presently how this peculiarity 
in the derived form comes about. 

It was shown in the last article that the deter- 
mination.of the stream lines round a body involves 
the finding of some solution of Laplace’s equation, 
which shall include the surface of the body amongst 








always has a solution, since the stream lines shown 
in Fig. 11 may also be looked upon as representing 
equipotential lines around a very long rod having 
the wing-shaped cross section, and charged with 
electricity. 

Many potential problems are solved in the form of 
infinite series, each term of which is itself a solution 
of Laplace’s equation, and the arbitrary coefficients 
of the different terms are adjusted so that the 
conditions at the boundary are satisfied. Fortunately 
it turns out that a simpler type of solution is 
practicable in the present case, and the fact is not 
merely of great importante from the standpoint of 
aerodynamics, but furnishes a most striking example 
of the great practical utility of the mathematical 
imaginary « by which it is customary to represent 
V71. 

It is easy to show that ifz=—2x+ity, then any 
and every function of zis a solution of Laplace’s 
equation. Thus let F(z) = F(x+ iy). Thensince 
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we have 
OF __OF 02_0F 
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Differentiating a second time gives us 
oF 9g o2 
FY = OF... 9 F hence y? F = 0. 
Oxe Oz 0 y? 


Now any function such as F (x +- i y) can be broken 
up into its real and its imaginary parts, so that we 
may write F(x7+ity)=o¢+i¥, where ¢ andy 
are each functions of x and y. Now since vy? F = 0, 
we also have y?¢ + iv? = 0, and since a real 
quantity can nevér be equated to an imaginary one 
we must have v?¢ = 0, and y?~=0. We also 
have 


Multiplying the first of these equations by i 
and comparing the result with the second equation 
we get 

s2% OV 00, ,0¥ 

o@ Ow oY oy 

From this, by equating real and imaginary parts, we 
see that 

0¢ 0" and 98 a5 OY; 

oz oy oy Ow 
Hence ¢ and y are-conjugate cylindrics as defined 
on page 36 ante, so thatif one be taken as the stream 
line function the other will be the velocity potential 
function, and vice versa. If for example we take 
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we can write this as 
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From these 
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¢ G+ v y aaa! 
which were the values found for ¢, and y, on 
page 50 ante. 

If, again, 

F (z)= sin-l(x# +ty)=G@+ty, 

we get 
x+ty=sin(@ +ty)=singcost yy + cosgsini y 


= singcoshy +tcos@sinhy. .- 
Hence, equating real and imaginary parts, we 
get 


x = sin @ cosh y 





y = cos @ sinh y. 
From this it follows that 
x2 
—__. = cosh? y¥f 
sin? @ a 
Pale sinh? y 
cos? d 
Hence 
2 2 
i — 4 _ = cosh? y — sinh? y = 1. 
sin? @ = cos? 
and similarly 
x2 Po 1 
cosh? y sinh? y > 





The first of these gives us, when ¢ is put equal 
to different constants, a series of hyperbolas, and 
the second when y is any constant a series of 
ellipses, which cut the hyperbolas at right angles, 
The corresponding velocity potential lines and 


Fig.M1. 











(6231. €.) 











(6231.H.) 


Fig.13. 











(8231.1) 


stream lines are represented in Fig. 15. Taking 
the ellipses as stream lines, these show the flow 
round a long thin flat rod, having A B as its cross- 
section, and its surface covered with “ bound ” 
vortex lines perpendicular to the plane of the paper. 
Alternatively, the ellipses may be regarded as equi- 
potential lines around a long charged conductor of 





cross-section A B; or, thirdly, the line A B may be 
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regarded as a thin slot, out of which a fluid is 
flowing with the hyperbolas as the stream lines. 

With this premise we may return to the problem 
of transforming the stream lines for a cylinder into 
stream lines for a wing section. It is the central 
circle in Figs. 9 and 10, page 37 ante, which is to 
be transformed into a wing section, and this circle 
will be the same, whether we take the complete 
system of stream lines represented in these figures, 
or the simple vortex system represented in Fig. 12. 
We may, therefore, simplify matters by confining 
ourselves to this latter case. 

We shall show in the first instance, that the poten- 
tial and stream lines are given in this case by taking 

F (z) = log (zw +7 y). 

Transforming to polar co-ordinates this may be 

written as 
F (z) = log (r cos 0 + ¢r sin 6) 
= logr (cos @ + ¢sin 6). 
But by a well-known theorem 
e° 9 — cos 6 + isin 0. 
Hence 
F(a +ty)= log re 8 
= logr +70 

Hence we may take y = logr and ¢ = 9, which 

save for certain merely numerical coefficients are 


Fig.16. | 
(8231.4) | 
F ug./7 pe 
x a 
(82312) ly 


identical with what has already been given for the 
Rankine vortex on page 37 ante. 

The tangential velocity is $* = 1, which is of 
course correct. 

It is this equation log (x + iy) which we have 
to transform so as to reduce the circle to a wing 
section and the other circular stream lines to the 
stream lines represented in Fig. 11. 

To effect this we require to transform the 
original equation which is expressed in terms of 
«and y into an equation expressed in terms of 
other variables. A general method of effecting 
such transformations is as follows: 

Suppose that Z is some function of z, that is to 
say, Z =f (z) =f (x +7y), then Z can be broken 
up into its real and imaginary parts. If we call 
the real part X and the imaginary part i Y, then 
X and Y will be a set of new variables to which 
we can transform any equation expressed in terms 
of z=a-+iy. Thus, suppose that I (z) = 
I(x + 7 y) is the equation to be transformed. Then 
in virtue of the relation Z =f (z) we can express 
II (z) as a function of Z. Let this function be 
F(Z) = F (X +14 Y). 

The expression on the right obviously satisfies 
the equation 

OF Ce oO 

oX2 G¥e 
and if broken up into its real and imaginary parts, 
we get stream lines and potential lines plotted 
against X and Y, each of which corresponds point 
for point to the stream lines plotted against x and y, 
given by the original expression F (z). 

Now it was found by Joukowski that if we took 
Z=2+4 ~ {airing ay 

we could transform the equation F = log (x + iy) 
into an equation expressed in X and Y, such that 
one of the stream lines resulting from the transfor- 


so that 
1 
xX=2 ( + on 


1 
Tenn (tm eiy) 
Take, then, any point of one of the circles in the 
system represented in Fig. 12. If its co-ordinates are 
z and y, we have for the corresponding point 
expressed in terms of X and Y the expressions 
ay 1 
xno (1+ oa) 


and 


1 
st (3 ee 
For example, suppose we take a circle having a 
radius equal to 2. Then the equation to this circle 
is 2 + y® = 4. 
Hence when + = 0, y= + 2. 
The corresponding value of X is 0, whilst that of 


Y is ‘ 
(yee 
#2(1-7)= +5. 


Again when « = 1, 
y= + /3. 





giving 





5 1 
X = jand Y= + /3(1-7)- 


Fig.i8. ¥ 
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In this way we can get 
values of X and Y corre- 
sponding to every point of 
the original circle, and if we 
plot these values of X and (823). 
Y we get in this instance 
an ellipse, which is one of 
those plotted in Fig. 15. Suppose, however, we 
take the circle to be transformed as of unit radius, 
the equation to this circle is 
a2 + y2 =], 
Then, whatever value we take for y we have 


Y=y(1- )=va-H=o. 





2 + y2 


The ellipse then degenerates into the straight line 
A B shown in the middle of Fig. 15, which, although 
it may be fairly considered to be a stream line 
form, is not of course a wing section. 

To obtain a wing section we must, in fact, choose 
another origin of co-ordinates than the centre of the 
original figure. Thus, for example, let us choose 
the origin so that the equation to one of the circles 
in Fig. 12 is 
(x — 0+2)2 + (y + 0°1)2—=2 11-4972. (B) 
Then if we take x = 0-4, we get 

(0°4 — 0-2)2 + (y + 0°1)2 = 1-4972., 
Therefore 
y+ Ol= + “ 14572 
and 
y = 1107 or — 1°307. 
Calling the first value y,, and the second y,, we 
get 
yy2 = 1:225 and yo? = 1°708, 
so that 
; x2 + yy? = 1°385 and a2 + yo? = 1-868. 
Whence 
1 
X; = 04 (1 +—— | = 0°689 
Bs ( 7 + sae) 





mation closely approximated to a wing section. 


From (D) we get 
t=X+iYez¢lanpiy + u 
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Yi = 1-107 ( ba aes) = 0'308 
1386 
and 
1 
X,= 04/141) = 06 
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“Other values similarly obtained are tabulated 
below. 











z | xX | Yi | Xe | Yo 
—1-0 —1-897 —0-035 —1-981 0-003 
—0°8 —1-420 —0-180 —1-594 0-004 
—0°6 —1-025 —0-300 —1°175 0-033 
—0-4 —0°663 —0-399 —0-766 0-082 
—0°2 —0°324 —0-480 —0-°373 0-143 

0-0 0-0 —0-541 0-0 0-204 

0-2 0-315 —0-586 0-354 0-261 

0-4 0-614 —0-607 0-689 0-308 

0:6 0-910 —0-608 1-005 0-340 

0-8 1-200 —0-583 1-308 0-352 

1-0 1-488 —0-526 1-595 0-335 

1-2 1-775 —0-420 1-865 0-270 

1-4 2-082 —0-176 2-108 0-069 

















If these are plotted we get the wing form shown 
in Fig. 16. In this plot the sign of Y has been 
reversed, so as to show the wing right way up. 
Circles with large radii can be transformed in the 
same way, giving a complete system of stream lines, 
such as is represented in Fig. 11 page 100, whilst 
if the same transformation is applied to the stream 
lines in Figs. 9 and 10, page 37 ante, we get those 
shown in Figs. 13 and 14 which are also taken 
from Major Low’s paper. 

It will be seen that the wing section was obtained 
by choosing one special value for the radius of the 
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circle to be transformed. This is necessary, as 
otherwise we should not get the desired sharp cusp 
at the trailing edge. We see in fact that the value 
ws ). Now y has 
two zero values corresponding to the points in which 
the circle considered cuts the axis of x. If, however, 
we choose for transformation a circle of too small 
radius it will be found that whilst for some points 
of it x? + y® will be greater than unity, for other 
points it will be less than unity. Hence with such 
a circle there is some intermediate point at which 
xv? + y? = 1. In that case Y will be zero, although 
y is not, and the transformed figure will be of the 
type represented in Fig. 17, where it will be seen 
there are two distinct loops. The wing form is 
obtained by adjusting matters so that whilst at 
some one point of the circle operated on 2? + y? = 1 
at every other point z*-+y?>1. This condition 
will be fulfilled by drawing a circle of unit radius 
with the origin as centre, and selecting for trans- 
formation the circle that touches this one externally 
as indicated in Fig. 18, where A B C is the circle of 
unit radius and D EC that one of the stream-line 
circles which touches this at the point C. If a and 

are the co-ordinates of the centre Q of the stream 
ine circle, the value of a can be calculated from the 
relation 





of ¥ is given by Y = y (1 - 


a=0Q+0C 
= a/a2 + 2 +1. 

Taking a as 0-2 and # as — 0-1, this gives 
a=1+ /0-06 = 1-2236 and a? = 1-4972. The 
values of x and y at C, the point of contact, are 
x = —0-8944 and y = 0-4422, and these are the 
co-ordinates of the point in the stream line circle 
which becomes the cusp at the trailing edge of the 
wing section. 

Referring to Fig. 9, page 37 ante, it will be seen 
that the point \ is that in which the stream lines 
coming round the upper surface of the cylinder meet 








Y2= — 1-307 (1 — _~_) = 0°607. 
1-868 








the stream lines coming round the under side of the 
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cylinder. Similarly, the cusp in the wing section 
is the meeting place of the two sets of stream lines. 
Hence it is evident that in transforming Fig. 9 into 
Fig. 13, we must take the point \ as the point which 
is to be the cusp in the wing section. 

In the foregoing we have arrived at the wing 
section by making in our original equations the sub- 


stitution Z = z + ai but we should get similar re- 


5 jie b2 ; ‘ 
sults by assuming Z = z-+--—, which amounts in 


effect to taking the radius of the circle ABC, 
Fig. 18, as b instead of unity. 

The transformation of the circle into the wing 
section was effected above by calculating values of 
X and. Y corresponding to given values of x and y. 
This calculation can be very rapidly made by using 
Barlow’s tables of squares, square roots and re- 
ciprocals ; but it is still more simple and expeditious 
to use purely graphic methods, and it was in this 
way in fact that the beautiful diagrams given in 
Major Low’s paper were produced. 

One method of doing this is illustrated in Fig. 19, 
where the outer circle represents the circular stream 
line, which is transformed into the profile indicated. 
The inner circle with centre at O, which touches 
the other is known as the circle of inversion. Select- 
ing any point on the outer circle such as p, 
we joinpO. Then drawing O A at right angles to 
pO cutting the circle of inversion at A, we join 
pA and draw AB at right angles to p A, cutting 
p O produced at B. Then B E is drawn horizontally 
to cut the Y axis at E. We then set off p K hori- 
zontally, making p K equal to B E, and then drawing 
K P parallel to the Y axis we make K P equal to 
EO. The point P thus found is a point on the 
profile required. Other points being found in the 
same way we get the complete profile shown. 
Corresponding points on the circle and “ wing” 
are similarly lettered. In completing the con- 
struction it is necessary to take due note of the 
signs of BE and OE. Whenever the point B falls 
to the right of the Y axis the point corresponding 
to K lies to the left of p,. If, however, B lies to the 
left of the Y axis the point K must be taken to the 
right of the point p. A similar rule applies to O E. 
When E falls below the X axis K P is set “ down” 
from k, and conversely. When the stream line 
chosen for transformation is a circle, the work can 
be shortened by taking note of the fact that in this 
case the locus of B is also a circle having its centre 
on the line Qe. ; 

The proof of the construction is very simple. 
In the analysis previously given we obtained the 
co-ordinates of the wing profile by replacing x by 


That is to say, 


to the co-ordinates of the point p, Fig. 19, we add, 

p sisi x 
parallel to the X axis, a length equal to ary 
We thus get the value of X. 


x : ¥ 
e+ aaa and y by y — aay 


Similarly we get the 
value of Y by subtracting from the vertical co- 


ordinate of p a length equal to aay By con- 
struction we have 
Op 
and 
BE_ «x 
OB Op 
. 2 
Pre 2208, yO ML. * ope 
Op Opt at +y? 


Hence, if O A be unity the length B E represents the 
amount to be added to x to get the abscisse of P. 
Similarly, it will be seen that OE represents the 
amount to be subtracted from y to get the ordinate 
of P. Other geometrical methods are in use, but 
the foregoing is simple in theory and easy in 
practice. 

The axis of X may make any angle with the line 
O Q, and different forms will be obtained accordingly. 
That given in the figure is not as good an approxi- 
mation to a wing form as has been obtained by 
Major Low, but for purposes of exposition an open 
diagram has some advantages. 

If the axis of X be made to coincide with O Q we 
get a stream line form symmetrical about the X axis, 
Figs. 13 and 14 reproduced from Major Low’s paper 





ENGINEERING. 


[JAN. 25, 1924. 





show the complete stream lines round a wing section 
obtained by transforming the stream lines round a 
cylinder which are represented in Figs. 9 and 10, 
page 37 ante. Major Low pointed out, in his paper 
that in the case of Fig. 14 some of the stream lines 
meet the wing at such an angle that with actual 
fluids fair flow would be impossible and “ stalling ” 
might occur, but Fig. 13 corresponds to the con- 
dition of normal flight, and here the wing may be 
expected to comport itself as a stream line form. 
Having obtained the stream lines round this form 
we can find the pressure at any point of the wing, 
provided we can calculate the theoretical velocity 
at that point. As was shown in the second article, 
the velocity at any point round the rotating cylinder 
can be determined if we know either the velocity 
potential function ¢% or the stream line function ¥- 





o¢ » and 
Cx 





The horizontal velocity is in fact. equal to 


the vertical velocity to <<. 
A 


Hence if s denote the absolute velocity at a point, we 


have 
2 = y2 4+ 72 = (<2)" ee (¢ . 
C@ Cy 
It has further been shown above that the velocity 
potential and stream line function can be obtained 
by separating into its real and imaginary parts a 
suitable function of z= «+ iy. In the case of the 
rotating cylinder past which the fluid is streaming, 
this function has been shown to be 
F(z) = —V(wd- cy) — VO 
e+ey 
i. Vat 


= —-Vz—-——_— 


z 


If we differentiate this function with regard to z 





we get 
OF Be v4 Ve NW + Nas, 
Cz 22 (a i ¢ ye 
=-—V 4 Va? (x? — y?) - 2tay 
(a2 — y2)2 + 4 x2 y2 
—-— vy + Va (x? —y) -2izy 





(v2 + y?)2 


If we divide this into its real and imaginary parts 
and compare with the results obtained on page 36 
ante, it will be found that the real part is equal to 
cf =u, and the imaginary part to ce ey. 
Similarly, if we express F in terms of X and Y, so 
that 

F (z) = F («@ +¢y)= F(X ++4 Y)= F(Z). 
and differentiate F with respect to Z, we shall, by 
dividing the result up into its real and imaginary 
portions get the horizontal and vertical velocities 
round the wing form into which we have trans- 
formed the circle. We thus get 


oF OF dz 


CL o2 d@ 





But we get the wing section by making 


Z=2 + Es 

Hence 
dz 5 eal 1 
dZ 22 


Hence the horizontal velocity at any point of the 
wing profile is equal to the real portion of 
CF 1 


and the vertical velocity is found from the imaginary 
portion. We can thus determine the velocity at 
any point of our wing profile, and knowing this, can 
deduce the pressure there. Of course, the same holds 
good for every one of the transformed stream lines. 
In this way it has been possible to test the accuracy 
of the Lanchester-Prandtl hypothesis by comparing 
calculations with actual tests in a tunnel, and a very 
satisfactory agreement between calculation and 
observation has been obtained. The hypothesis that 
actual fluids move round stream-line forms very 
much as a perfect fluid would do has thus been 
confirmed, and this result constitutes a very 
important contribution to practical hydrodynamics. 


(To be continued.) 





NICKEL AND ITS ORES. 

THE discovery of the element nickel was made by 
Cronstedt in 1751, but more than a century elapsed 
before the important industries connected with its 
winning and its use were established. In fact, the 
metal was regarded as of a somewhat rare character 
until after the discovery of the New Caledonian 
deposits, in or about 1890 and its uses were restricted 
in consequence. While that was the case it should 
not be forgotten that alloys of the metal have been 
found as Bactrian coins of the year 235 B.c., and 
specimens are in existence of Chinese alloys, contain- 
ing copper and nickel, which are of great but 
unknown age. Progress in the mining of the ore 
and the development of commercial metallurgical 
processes for its extraction followed the discovery 
of the great improvements in the properties of 
steel, which are caused through its addition. The 
enhanced strength thus obtained has made possible 
the reduction of the weight of many types of 
engineering machines and structures. In such 
examples not only is weight saved but the total 
cost of the appliances may be reduced considerably 
by the use of only 3 or 4 per cent. of nickel in the 
steel. The extending application of the metal in 
the production of new alloys for use in engineering 
is sufficient indication of the value of nickel, and 
if reduced costs of production were attainable, a 
great increase in use would follow. 

The nickel ore deposits of the world are not 
numerous, but some are of great extent. The most 
important is that at Sudbury in Ontario. Regarding 
this source, Mr. W. G. Rumbold in a monograph* 
on “Nickel Ores,” which he prepared for the 
Mineral Resources Committee of the Imperial Insti- 
tute, stated that it had been estimated that the 
ore which might ultimately be obtained would 
probably exceed 150 million tons, sufficient to 
maintain the normal annual output for a century. 
Other sources exist within the Empire, such as 
those at Tasmania, South Africa, India and Egypt, 
but they are comparatively small and not likely 
to find much exploitation as long as the Sudbury 
deposits are available. When it is remembered that 
Canada produces between 80 and 85 per cent. of the 
total world supply it is apparent that this is an 
industry in which the British Empire controls the 
market. Refining was carried out in Canada pre- 
vious to 1918, but only to a limited extent. Since 
that date there has been considerable activity in 
erecting works in the Dominion, and the facilities 
now available can deal with the greater propor- 
tion of the Sudbury Ores with the exception of 
what is brought to Britain to be refined, by the 
Mond process. During the years 1914 to 1921 the 
United States imported 82 per cent. of the average 
annual tonnage of the Canadian output. Foreign 
deposits exist at New Caledonia and to a much 
smaller extent in Prussia, Greece, United States of 
America, Norway and Sweden. Usually the 
partially roasted ore is smelted in a blast furnace to 
obtain a matte of iron, copper and nickel, from which 
the nickel is obtained by the Orford or Mond 
chemical processes or by the electrolytic Hybinette 
process. 

As an addition to the many uses of nickel it has 
now been found possible to electroplate aluminium 
with the metal. Other modern industries in which 
an extended use is found for it are the manufacture 
of valves for wireless telegraphy and telephony, 
and as a catalyst in the hydrogenation of oils, 
the enrichment of water gas and the combination of 
naphthalene and hydrogen to form many valuable 
organic compounds. One of these, tetralin, although 
not a suitable motor fuel alone, may be associated 
with benzol, alcohol, or petrol to make excellent 
motor spirits. The variety of nickel steels available 
for use in the workshops is now very great, and their 
properties differ according to the amount of nickel 
present as well as the other substances such as 
chromium and manganese with which it is associated. 
Investigation has now established that copper 
may replace one-third of the nickel in low nickel 
steels without detriment to the properties, and 
for this reason it has been suggested that there 
is a possibility of producing steels of that composition 
direct from the Sudbury nickel-copper ores or from 





* Published by John Murray, London. [Price 5s. net.] 
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the ferruginous slags obtained’ in the smelting of 
those ores. The non-ferrous alloys, sich as cupro- 
nickel, Monel metal, nickel-bronze, nichrome, 
illium and platinoid, are of great importance in 
their respective fields of use. The metal is also 
present in small quantities in the valuable “ Y” 
alloy developed at the National Physical Laboratory. 





NOTES ON NEW BOOKS. 


A BOOK which will appeal to all naval constructors 
is entitled ‘‘ Sous-Marins, Torpilles et Mines,’’ written 
by Mr. Laubeuf, the well-known French naval architect, 
in collaboration with Mr. Stroh, who also belongs to 
the French Corps of Naval Constructors. The subject 
of submarines is reviewed historically, from the 
‘Tortoise,’ of Bushnell and the ‘‘ Nautilus’ of 
Fulton, several detail parts in both of which are found, 
in an improved form, in present day submarine craft. 
These first attempts at submarine navigation were 
followed in the earlier days by numerous schemes 
which are now but of limited interest. France may be 
said to have inaugurated submarine navigation on 
practical lines by the construction of the ‘“‘ Gymnote,”’ 
a research boat, built in 1886, followed shortly after 
by the Gustave Zédé. Other boats were built in 
France, but real progress commenced in 1897, following 
the construction of the autonomous boat Narval. 
The book gives an interesting review of the various 
stages in submarine construction both in France and 
in other countries. In regard to Germany, it refers 
to Admiral Tirpitz as stating in the Reichstag in 1901 
that owing to the configuration of her coasts and the 
geographical situation of her ports, Germany had no 
need for submarines which he considered as being a 
purely defensive weapon. In about 1902 one of the 
technical directors of the German Navy disparaged 
the submarine and laid stress upon its lack of longi- 
tudinal stability. Shortly afterwards German journals 
announced that Germany had obtained the plans of 
all the foreign submarines, including those of the 
French boats, and was going to build a boat of an 
improved type.: The book adds that a submersible 
boat, the U. 1, was commenced at Kiel in 1903, was 
launched in August, 1905 and completed her trials in 
1906. This boat had much in common with the 
French Sirene of 1900 and Aigrette of 1902, but we 
should not be surprised to find that this was not the 
first submarine boat actually built in Germany, 
notwithstanding the above disparaging German state- 
ments, Seven-eighths of this 800 page book, however, 
is devoted to a detailed review of all problems of 
design, construction and operation, Thus the con- 
struction of submersible boats, the calculation of 
the hull resistance, the stability of the craft, the 
various types of engines for propulsion and the 
accessory gear are dealt within detail. A special 
chapter gives a review of submarine construction since 
1914, and is illustrated by plans of German U boats. 
The book states that the submarine is absolutely 
essential to all small navies, and puts forward declara- 
tions to this effect by various authorities. It seems 
to us that, notwithstanding all conventions and treaties, 
the submarine is absolutely essential to every navy 
whatever be its size. The authors end by a section 
on torpedoes and mines describing both in great detail 
also, and state that these should, as is well known, 
become dead after a given time under established 
circumstances, a condition which has too often been 
ignored altogether. The book forms part of the Grandes 
Encyclopédies Industrielles, and is published at the 
price of 60 francs by Messrs. J. B. Bailliére et Fils, 
19, Rue Hautefeuille, Paris. 





Wuite the needs of the fairly advanced student of 
aeronautics are already well catered for by several 
excellent textbooks dealing with different branches of 
the science, there are now a number of persons, such 
as younger students, apprentices, pilots and others, to 
whom a knowledge of the rudiments of the subject 
would be useful, but who have neither the time nor 
the necessary mathematical equipment to study the 
standard works. Such persons will probably find 
““ Elementary Aeronautical Science,’ by Messrs. I. B. 
Hart and W, Laidler (published by the Clarendon Press, 
Oxford, price 7s. 6d. net), well suited to their require- 
ments. The authors, it may be explained, are engaged 
in the instruction of aircraft apprentices for the Royal 
Air Force, at the Halton School, and it is mainly to 
meet the particular needs of these students that the 
book has been written. It is divided into three main 
parts, the first of which contains a brief historical survey 
of the development of aviation and a summary of the 
facts and formule of elementary mechanics. The 
second part of the book relates to aerodynamical 
matters, dealing\with the aerofoil, the lift-drag ratio, 
stability and control, &c. ; while the last part is devoted 
mainly to structural matters and contains chapters on 


the main , parts, of aeroplanes, instruments and, aero 
engines. ‘As the duthors cover the whole of this ground 
in a small volume of 280 pages, it will be evident that 
their treatment of the subject is. broad rather than deep, 
as, indeed, would be expected in a ‘work of this 
character. It is also true that the presumed limited 
mathematical knowledge of the reader, which in general 
is assumed not to extend beyond elementary algebra 
and trigonometry, has increased the authors’ difficulties, 
especially in dealing with such parts of the subject as 
aeroplane stability. The notation of the calculus has, 
however, been employed in a few cases, but these 
paragraphs and others considered to be difficult for 
the young student are marked, so that they can be 
omitted in the first reading. A commendable feature 
of the book is the inclusion of a few worked numerical 
examples after each chapter, with a larger number of 
questions for the reader to work out for himself, the 
answers being given at the end of the book. We have 
no doubt that a careful student, who conscientiously 
works through the examples after reading the text, will 
acquire a useful knowledge of the elementary principles 
of aeronautics, which will be of assistance to him in his 
subsequent studies of the more advanced textbooks. 





The compilation of a dictionary or of an atlas, the 
compiler being surrounded with all the requisite sources 
of reference, is a kind of minute office work in which 
a German feels perfectly at home and in which he 
excels. This may be said to apply also to the writing of a 
text-book. The latest book of this latter class to come 
under our notice is the “‘ Lehrbuch der Eisenhiitten- 
kunde,” compiled by Dr. Bernhard Osann, Professor 
at the Mining Academy, Clausthal, this being the 
second edition of the first volume, dealing with Pig Iron 
Production. It opens with a very short historical 
chapter on iron making in ancient Egypt, in Central 
Africa, India, &c., the author then proceeding to a brief 
account of the fourteenth century German activity 
in iron manufacture. Following this he refers, briefly 
also, to the substitution of coke for charcoal in blast 
furnace practice and gives passing references to the 
Bessemer and Thomas processes, a full description of 
which is, we suppose, to be the subject of a further 
volume. In the volume under review, and with refer- 
ence to the Thomas process, the author says “ it enabled 
getting rid of the phosphorus in the converter; the 
English discoverers, however, did not carry it beyond 
the very first experimental stage, let alone utilising it 
in everyday ‘practice. The Hoerde Works and the 
Rheinische Stahlwerke are to be credited with having 
made the process successful in its action after they had 
overcome all difficulties and introduced a large number 
of improvements. As a consequence, there arose 
in Germany numerous Thomas steelworks utilising the 
German phosphoretic ores and tap cinder refuse, &c., 
whereas in England and America the process received no 
attention.” It should be noted that these remarks 
are in a book which purports to deal only with pig iron 
production. There is described in detail blast-furnace 
practice, the information including particulars on the 
raw materials, ironstone, fuel, fluxes; the construc- 
tion of the blast furnace and its various component 
parts; the provision of the blast; the behaviour of 
the charges, reactions, utilisation of the gases, &c. 
Data are also given on the various qualities of pig iron 
produced and so forth. But the references are almost 
entirely to German sources and periodicals, The work 
of Sir Lowthian Bell and other British metallurgists is 
mentioned at different places, but not to the extent 
which the importance of that work justifies. Among 
the furnace throat gas-collecting devices, those of 
Darby and Parry are given, the statement being added 
that they were put on the market in 1850, whereas a 
German iron maker, named Pfort, built a suspended 
ring-collecting device in 1842, one which, we venture 
to suggest, would not have been referred to had Pfort 
been an Englishman or an American. For reference 
purposes, the book will be useful outside Germany. 
Its main purpose is to guide students and to help men 
engaged in iron works practice. On the principle of 
*‘ bring up a child in the way it should go,” it points 
out to its German student and other readers that the 
major part of the progress achieved in iron manufacture 
and subsidiary industries is due to German invention, 
improvements and activity; they will never depart 
therefrom. The book is quoted 32s., and can be 
obtained from the Verlag von Wilhelm Engelmann, 
Leipzig. 





American engineering reference books have an 
enviable reputation for supplying information of direct 
practical utility. This reputation is thoroughly main- 
tained in the new edition of ‘‘ Kent’s Mechanical 
Engineer’s Handbook,” which has just been published 
by Messrs. John Wiley and Sons, Inc., and Messrs. 
Chapman and Hall, at 35s. net. The book was first 
published in 1895, and the new issue forms the tenth 
edition. As on former occasions the work has been 





alrscrews, stress calculations, constructional materials, 


thoroughly revised, and additional matter incorporated 


to keep pace with the ever widening field in which the 
mechanical engineer follows his profession. This work 
of revision has been pursued under the general direction 
of Mr. R. Thurston Kent as editor-in-chief, with the 
assistance of a staff of specialists in-each of the different 
branches dealt with. The task has been thoroughly 
well carried out and the handbook can be safely recom- 
mended as a most valuable aid to the practising engineer, 
its utility being enhanced by the-comprehensiveness of 
its tabular matter, and by the numerous references 
provided to original articles and papers where additional 
information may be obtained should this be required. 





In 1853 Pichon patented ‘‘ the application of electric 
light to the smelting and reduction of all classes of 
ores ’’; his was a small arc furnace having two pairs of 
electrodes placed one underneath the other, the ore 
being made to fall within the ares and being reduced 
in the crucible below. This is the opening statement 
of Electro-Sidérurgie by Ch. Clausel de Coussergues, of 
the series: styled the Grandes Encyclopédies In- 
dustrielles. We were under the impression that an 
earlier French research worker in the same field and on 
practically the very same lines was C. M. Despretz. 
The author further states that the first electric furnace 
in which steel was made was the one designed in 1879 
by Sir William Siemens ; there followed a modification 
of this furnace, also by Sir William, enabling the melting 
of 20 lb. of metal per hour. Other furnaces started with 
the yeat 1885, and these were followed in their turn by 
the furnaces in use at the present time, whose names 
are familiar ones in steel metallurgy. The book deals 
in detail with the designing and the working of the 
different types of electric furnaces, both are and resist- 
ance furnaces, the reactions that take place within 
them, the furnace linings, the various methods followed 
for current supply, and with current consumption. 
Since electric steel manufacture has largely replaced 
the crucible process and is likely to replace it com- 
pletely in the future, it was judicious on the part of 
the author to include a section dealing with this 
process. The section covers an historical review, the 
manufacture of the crucibles, their life and cost, and 
other interesting data on this, the oldest process of steel 
manufacture. The author states that “crucible steels 
for certain fine products are always of a great degree of 
purity; this, however, is not due to the process itself 
but to the care taken in the selection of the materials 
used. With pure materials to start from the same would 
be the case with the basic open-hearth furnace, and 
with this latter desulphurisation could be obtained to 
some extent by using washed gases or by heating 
with oil fuel. Regularity in manufacture with the 
crucible furnace is not satisfactory, it is even below 
that of the open-hearth process.’’ This confirms the 
belief we have always held, to the effect that a well- 
known German firm, who extolled its crucible steel 
obtained in large ingots, never used this steel in recent 
times to anything like the extent it claimed. Its 
licensees for similar manufactured products never used 
crucible steel at all, but open-hearth furnace steel with 
which, we may remark in passing, they obtained, for 
the manufactured products, better results still than 
those arrived at by the licensing firm. A man who 
would continue manufacturing of gold any given article, 
long after it had been distinetly proved that the same 
article manufactured of silver answered exactly the 
same purposes, would hardly be called a keen-witted 
man. The book closes with a few data on the manu- 
facture of electrolytic iron. It is a book of high 
practical value, which will appeal to steelmakers. It 
is published at the price of 40 francs, by Messrs. J. 
B. Bailliére et Fils, 19, Rue Hautefeuille, Paris. 





PRODUCTION OF STEEL IN CZECHO SLOVAKIA IN 1922.— 
The total production of steel in Czecho Slovakia in 1922 
amounted to 721,065 tons, 95-7 per cent. of which was 
Martin steel, 1:45 per cent. produced by the Thomas 
process, and the remainder produced in electric furnaces 
and by the Bessemer process. This amount represents 
58 per cent. of the quantity obtained in 1913 in what is 
now Czecho Slovakian territory. 





Tue Furure or Frume.—Whatever the issue of the 
present dispute about Fiume, it is very certain that the 
power to which it is eventually assigned will increase 
her naval facilities by its acquisition. During the years 
before the war the Austrian cruisers Szent Istvan and 
Helgoland and a number of destroyers were launched 
from the Danubius construction slips at Fiume; and it 
was at Fiume that works for making Whitehead tor- 
does were set up in 1874. When they were working 
at their full capacity, these factories could turn out 
about twenty torpedoes per diem. It is now reported 
that Signor Mussolini has just directed that two of the 
destroyers on the Italian building programme should be 
built by the Quarnero factories, which is the name now 
given to the company which works the old Danubius 
slips.. This order was given to relieve the unemploy- 
ment which has steadily increased in Fiume since the 





dispute began. 
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THERE is an increasing demand for means for 
preserving perishable foodstuffs, and private consumers 
no less than butchers, game-dealers, fishmongers, and 
others, are recognising the economy of cold storage. 
The provision of cold storage on a small scale is, 
however, not an easy matter. The use of purchased 
ice is costly and the supply may fail when most needed. 
Moreover, ice-cooling almost inevitably entails a damp 
atmosphere, which is injurious to the preservation of 
the stored foodstuffs. The usual practice, amongst 
butchers and others, is to instal what is really a 
miniature refrigerating installation, and although the 
design of such plants has reached a high degree of 
perfection, they need a certain amount of skilled 
attention for successful >peration. 

The ‘ Autofrigor’’ machine, illustrated in Figs. 1 
and 2 above, appears to embody a successful attempt 
to provide a small cold storage apparatus suitable for 
private users, shopkeepers, and others. It is a per- 
fectly self-contained piece of apparatus, electrically 
driven, and adaptable to ais wy d any type of cold 
cupboard or chamber. It can be started or stopped by 
merely turning a handwheel, and requires no attention 
of any kind. The general construction of the machine 
is shown in Figs. 1 and 2 above, while Figs. 3 and 4 
show a typical application of it to the cooling of a room 
of about 600 cub. ft. capacity. The ‘‘ Autofrigor”’ 
comprises a horizontal piston compressor, of the 
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THE “AUTOFRIGOR” REFRIGERATING MACHINE. 


Fig. 3: SECTION Mid. 
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oscillating cylinder type. This compressor is driven by 
a crank on the vertical shaft of a motor, which is housed 
in the upper part of the apparatus. The cold is pro- 
duced by the evaporation of ethyl chloride, which 
circulates continuously through the machine. 

The lower cylindrical portion of the apparatus is the 
evaporator, and is fitted with fins to give a large cooling 
surface. The ethyl chloride is drawn from the eva- 
porator in a gaseous state, and compressed to a pressure 
proportional to the temperature of the cooling water. 
It passes from the compressor to the annular condenser 
chamber, which surrounds the compressor casing and is 
there condensed, its heat being abstracted by the cooling 
water which circulates round the condenser space in 
the water jacket, shown in Fig. 1. The liquid ethyl- 
chloride, after condensation, flows through a pressure- 
reducing nozzle into the evaporator. The reduction 
of pressure results in evaporation with a consider- 
able fall in temperature, so that the radiating fins 
are maintained at a temperature sufficiently low to be 
effective in cooling the air passing over them. The 
gaseous ethyl-chloride is again drawn into the com- 
pressor and the cycle is repeated. The heat taken up 
by the cooling fins and transferred to the liquid in the 
evaporator is, of course, given off in the condenser to the. 
cooling water, so that a constant supply of the latter 
has to be provided. 

It will be noted that the working parts of the machine 








are hermetically sealed up, so that no escape of the 
refrigerating medium can possibly take place. Hence 
re-charging is never required. The necessary lubri- 
cating oil is placed in the machine before the final sealing, 
and no renewal of it is either possible or required. 
There are no belts, pressure gauges, stuffing boxes, or 
other details requiring attention, or bearing within 
them the seeds of trouble, and it is claimed that the 
“ Autofrigor ’’ requires no attention whatever besides 
starting and stopping. It is supplied ready charged 
with refrigerant and lubricating oil by the makers. 
Three models are made. The smallest, which is recom- 
mended for private houses, when working from 8 to 
10 hours per day, will cool a well insulated cupboard of 
35 cub. ft. capacity down to 35 deg. F. or 40 deg. F., 
and will at the same time produce 10 Ib. of ice. Should 
ice not be required, a considerably larger cupboard can 
be cooled. 

There are other machines, suitable for butchers, 
clubs, hotels, &c., which serve cold rooms up to 1,200 
cub. ft. capacity, storing up to 2 tons of meat. The ease 
with which the design of the machines lends itself to 
use in conjunction with any kind of cupboard or 
chamber is a useful feature, and the small amount of 
space occupied by it is well shown in our illustrations. 

The “ Autofrigor’’ is of Swiss manufacture, and is 
supplied in this country by Messrs. Robert Crittall 
and Co., Limited, of 43, Bloomsbury-square, London. 
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BOTTLE WASHING, FILLING AND CORKING MACHINES. 


CONSTRUCTED BY MESSRS. L. LUMLEY AND CO., LIMITED, ENGINEERS, LETCHWORTH, HERTS. 














Fia. 1. 
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Fies. 1 anp 2. BottyE SoakIna, 


THERE are many products of modern industry 
which must be supplied to the public in bottles. The 
old process of hand treatment in cleaning and filling 
the containers has been almost entirely replaced, 
because of its high cost and slowness, by the use of 
specially designed machines. In the accompanying 
illustrations are shown two views of an automatic 
bottle-washing plant and another of a machine for 
filling them with the product of the factory and then 
corking them. Both are representative of the modern 
machinery used on these processes, and are the pro- 
ducts of Messrs. L. Lumley and Co., Limited, of The 
Minories, London, E. 1. 

The washing machine is actually a combination of 
three separate devices, namely, those for soaking and 
sterilising, for brushing and for rinsing, and is capable 
of dealing with 120 dozen bottles an hour. The separate 
items in this plant are all arranged in association to 
make continuous and automatic operation successful, 
and the only labour entailed is in the charging of the 
machine with dirty bottles by a single worker. At 
the top of the soaking element, seen on the left side in 
Figs. 1 and 2, there is an endless belt carrying a series 
of racks, which are continuously moving into and out 
of a hot solution of caustic soda. The bottles are 
placed with their necks upwards in the galvanised 
pockets on the racks, and fill with the cleaning solution 
onimmersion. When the bottom of the tank is reached, 
the racks are turned over, so that as they rise the 
bottles come up with their necks downwards, and thus 
empty on leaving the solution. The period of passage 
through the soda is about ten minutes. No soda 
solution is lost, as it all drains back into the tank. 
When the soaking is completed the lids on the racks 
are opened to allow the bottles to be discharged into 
the rinsing device, where they are subjected to a 
thorough rinsing inside and out with clean warm 
water. This process takes about ten seconds, and after 
it the bottles are ejected on to the top of the con- 
tinuously travelling conveyor. The next operation 
's that of brushing, which occupies 15 seconds. In 








BRUSHING AND Rinsina MAacuHINE. 


this part of the machine brushes work on the insides 
and outsides of the bottles, while water is continuously 
sprayed on them. Then the bottles are carried on 
a chute to the rinsing device, where the final internal 
and external washing for 12 seconds, leaves them 
quite clean. The time taken in carrying them 
along the length of the conveyor is 80 seconds, and 
gives ample opportunity for drying before they are 
removed for filling. 

The Invicta rotary filling machine which has a power- 
operated corking device, is shown in Fig. 3. This 
can deal with 120 to 130 dozen bottles per hour. The 
first part of the process is filling. For this the liquid 
is introduced at the bottom of a copper trough, seen 
on the right in Fig. 3, ahd passed through a series of 
twelve syphons into the bottles. A float valve controls 
the level of the liquid in the trough and since this is 
maintained at a constant height, the bottles are filled 
to the same extent. As the revolving system turns, the 
filled bottles are carried to the hand of the operator 
ready to be corked. For this purpose steamed or 
soaked corks are tipped into the large hopper, which 
is so arranged that they are led in order through a 
vertical tube to the cork box, where they are moved 
in turn to be in position exactly above the bottle 
neck. The bottle rest is adjustable to suit different 
sizes of bottles. Each bottle in turn is placed on the 
rest, and the vertical motion given to it from below 
is used to force the cork into the neck, the cork 
meantime being restrained from upward movement 
by the top wall of the cork box. 





THE LATE MR. ARTHUR JOHN HOBSON. 


WE regret to learn of the death of Mr. Arthur John 
Hobson, O.B.E., R.C.N.C., Chief Constructor H.M. 
Dockyard, Hong Kong, at Hong Kong, on the 12th inst. 
Mr. Hobson served at the Admifelty in various 
positions from 1901 to 1922, and was engaged chiefly on 
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CorKING MACHINE. 


and trials, and the scrutiny of the results obtained in 
various types of destroyers and light cruisers. The 
success of succeeding types of these craft of great and 
still greater speeds was due to no small extent to the 
careful analysis, wide knowledge and exact calculations 
of Mr. Hobson. During the work he made a great 
number of friends, not only in the Admiralty and in 
the Navy, but in that wide circle of shipbuilders and 
engineers in all parts of the country who were engaged 
from time to time in building destroyers, scouts, 
leaders, and light cruisers of the Arethusa, Calliope, 
Dragon, Emerald, Hawkins, and other classes. He was 
regarded with affection by all his staff, in whom he took 
a deep interest, and his colleagues esteemed him highly 
for his personal as well as his professional qualifications. 

He was born in 1867, and entered Portsmouth 
Dockyard as an apprentice in 1882. The last two 
years of his apprenticeship (1888-89) were spent at the 
Admiralty Experiment Works at Haslar; and during 
this period he gained the Gold Medal of the Education 
Department at the examination in Honours Stage of 
Naval Architecture. In 1887 his compeers, Mr. W. T. 
Davies (since retired) and Mr. John Rogers, O.B.E. 
(now Constructive Manager at H.M. Dockyard at 
Devonport), passed to the Royal Naval College, while 
he was left to pursue a harder course. He made good 
progress, and by February, 1891, was serving as second 
class draughtsman as the result of a competitive 
examination.. Another competition placed him in the 
first class in 1895, and by 1898 he had gained a place as 
foreman of the yard, although handicapped by low 
*‘ recommendation.’ marks because he had served as a 
draughtsman and not as an inspector. Yet another 
competitive examination came, the last for the entry 
of foreman of the yard into the Royal Corps of Naval 
Constructors. In this he took first place and was 
followed by Mr. W. L. Roberts (since dead), Messrs. 
H. J. G. Blandford, C. Lillierap, and J. R. Bond. 

He had been transferred to Sheerness in the establish- 
ment as foreman of ‘the yard in 1900, and saw some 
service as an overseer of torpedo-boat destroyers on the 
Tyne before being called to the Admiralty in 1901 
as second-class Assistant Constructor. He became 
Constructor in 1912, and Acting Chief Constructor (a 
war-time appointment) in 1917. He_ reluctantly 


the production of designs, the supervision of construction | accepted the appointment of Acting Chief Constructor 
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at Hong Kong Dockyard, vice Mr. J. J. King-Salter, in 


November, 1922, as the only means whereby he could 
hope to become established as a Chief Constructor, but 
this hope was never fulfilled. He carried out his duties 
at Hong Kong with success, but was removed to hospital 
early in the year with an attack of facial paralysis. 
The position seemed hopeful, however, until Saturday, 
January 12, when the end came suddenly, due to a clot 
of blood on the brain. 





THE WORLD’S SHIPBUILDING. 


THERE was a general feeling about this time last 
year that the rapid decline in the world’s shipbuilding 
productien which set in after the “‘ boom ”’ year of 1919 
would be arrested during 1923, and that the worst 
period of depression in the industry had then been 
passed. It soon became evident, however, that the 
hopes of improvement would have to be deferred, and 
although they are now again in the ascendancy, for 
reasons referred to on page 57 ante, the total production 
for 1923 is the lowest recorded for many years. The 
annual summary of the world’s shipbuilding, just issued 
by ‘Lloyd’s Register of Shipping,” shows that the 
tonnage launched throughout the world last year was 
only, roughly, 1,643,000. ‘This is less than half the figure 
for the pre-war record year of 1913 and only about 
two-thirds of that for 1922, which was regarded as a 
year of serious depression. It is, of course, extremely 
unlikely that the production of 1919, when over 7,000,000 
tons of merchant shipping were put into the water, 
will be reached again for many years to come, but 
even to reach the average for the decennial period 
immediately prior to the war, i.e., about 2,450,000 tons, 
last year’s production must be increased by about 
50 per cent. This increase, moreover, would hardly 
suffice to restore the industry to the state of compara- 
tive prosperity it enjoyed in pre-war days, since the 
aggregate productive capacity of the world’s ship- 
building establishments has been greatly augmented 
since that time. 

We shall deal later with the individual productions 
of the more important shipbuilding countries, but we 
may here remark that the figures, in practically all 
cases, are considerably lower than those for 1922. 
The only exceptions are Denmark, Norway and the 
United States, and the figure for the last-mentioned 
country, viz., 172,817 tons, although higher than that 
for the previous year, is only a little more than 4 per 
cent. of the tonnage launched in 1919. 

Great Britain and Ireland.—The tonnage launched 
from British and Irish yards last year was 645,651, 
which is 62} per cent. of that for 1922 and less than a 
third of the tonnage launched in 1920, viz., 2,055,624 
tons, which constituted a record for this country. 
Last year’s figure is, in fact, the lowest recorded for 
the last 30 years—the period for which statistics are 
most readily available—with the exception of one 
year during the war, viz., 1916, when the merchant 
shipping launched amounted to only 608,235 tons. 
For 10 years prior to the war, the average tonnage 
launched annually was about 1,480,000, which is more 
than twice the 1923 figure, and in comparing the 
present situation with that of pre-war times it must 
be remembered that before the war the amount of 
naval construction work carried on in British yards 
was very materially greater than it is to-day. 

The British and Irish output for 1923 was comprised 
in 222 vessels, of which 179, making 553,223 tons, 
were steamers, 21, making 87,244 tons, were motor 
ships, while the remaining 5,184 tons were accounted 
for by 22 barges: no sailing ship of any description 
was launched during the year. Only rather less than 
3 per cent. of the total tonnage was built for foreign 
owners, as compared with an average of over 22 
per cent. for the f've pre-war years 1909 ‘to 1913 
inclusive, and this falling off in foreign work is another 
difficulty with which British shipbuilders have had 
to contend in 1923. The largest vessel built during 
the year was the Minnewaska, of 21,716 tons, which 
was launched at Belfast, as also were the Mooltan and 
Maloja, each of over 20,000 tons. Three other large 
ships of the year were the California, Ascania and 
Voltaire, of 16,792 tons, 13,911 tons and 13,248 tons, 
respectively, while four other ships of 10,000 tons 
and upwards were included in the total. On the 
average, however, the vessels built last year were 
smaller than those of preceding years, the average 
figures being 3,805 tons for 1923, as compared with 
5,186 tons for 1922, 4,602 tons for 1921, 4,387 tons for 
1920, and 4,006 tons for 1919. In obtaining these 
figures, it should be mentioned, vessels of less than 
500 tons have been excluded. 

Of the 21 motor ships launched last year, the largest 
is of about 9,500 tons and seven others are of 5,000 tons 
or more, Two sister ships of 3,682 tons each which 
have been launched are fitted with Diesel-electric 
propelling machinery. Nine of the vesseis launched 
last year are intended for the transport of oil in bulk, 








these vessels having an aggregate tonnage of about 
58,200. In the previous year, we may mention, the 
tanker tonnage launched amounted to 262,800; both 
figures refer only to vessels exceeding 1,000 tons. 

Table I, annexed, shows the outputs of the various 
shipbuilding centres of the country for the last three 
years, and it will be noticed that the 1923 figures for 
all the larger centres, with the exception of Belfast, 
are well below those for the previous year. For the 
Clyde, including Glasgow and Greenock, last year’s 
production was 173,201 tons, or 56 per cent. less than 
that for 1922, while for Newcastle the reduction is 
103,380 tons, or 43 per cent. In the case of Belfast, 
with which the figures for Londonderry are included, 
the improvement in comparison with the 1922 figure 
amounts to 35,313 tons, or 37} per cent., but the three 
large vessels mentioned above account for more than 
half of the year’s total. Sunderland launched last 
year less than half the tonnage launched in 1922, but 
the 1923 figures for the Hartlepools, Liverpool, and 
Hull are all higher than those for the previous year. 
Only two small steamers, of less than 3,000 tons 
together, were launched at Barrow last year, as com- 
pared with three, making 21,342 tons, in 1922 and 
seven, making 63,617 tons, in 1921. 


TaBLe I.—Showing the Number and Tonnage of Merchant 
Vessels Launched in the Principal Shipbuilding 
Districts in Great Britain and Ireland during the 
Years 1921-1923. 




















| Total Total Total 
i ¢ 334. 1922. 1923. 
District. | 
No.| Tons. | No.| Tons. | No.| Tons. 
(Gross. ) (Gross. ) (Gross.) 
Aberdeen .. «0988 12,891 3 3,390 6 4,231 
Barrow, Maryport 
and Workington} 7 | 63,617 3 | 21,342 2 2,986 
Belfast and Lon- 
donderry .-| 17 | 106,071 | 12 94,019 | 12 129,332 
Dundee... ..| 10 | 16,740 9 | 31,552 5 21,282 
Clyde— 
Glasgow ..| 84 | 358,347 | 51 | 270,639 | 39 | 132,239 
Greenock ..| 34 | 146,842 | 21 | 121,429 | 13 40,962 
Hartlepools --| 6] 84,101 4] 18,822 5 23,864 
Hull 54 ke 31,231 9 2,200 | 10 17,311 
Leith oa eae 17,036 4 8,193 | 10 8,782 
Liverpool .. .-| 27 | 51,087 5 | 12,189 6 21,644 
Middlesbro’, Stock- 
ton and Whitby} 28 | 120,559 | 17 | 45,814 | 23 42,709 
Newcastle .. ..| 73 | 354,813 | 42 | 240,788 | 44 137,408 
Sunderland 30 | 144,280 | 27 | 126,713 | 17 51,561 























Other Countries.—Foreign countries and the British 
Dominions between them, launched last year 479 
merchant vessels having a total tonnage of 997,530, 
the latter figure being 438,473 tons or 30 per cent. 
lower than that for 1922. It is also 403,199 tons (29 
per cent.) lower than the corresponding figure for 
1913, in which year the highest pre-war total was 
reached. Last year’s total includes 339 steamers, 
making 835,527 tons together, 81 motor ships of 
138,796 tons in the aggregate, and 59 sailing vessels 
and barges which account for 23,207 tons. Only 8 of 
the foreign-built ships exceed 10,000 tons, the largest 
vessel being the Deutschland, of 20,602 tons, launched 
at Hamburg. Of the 81 motor ships launched, 15 
exceed 4,000 tons and 7 of these were launched in 
Germany, 3 in Denmark, 2 in Sweden and | each in 
France, Holland and Italy. The two largest foreign- 
built motor ships of the year were constructed in 
Germany and each has a tonnage of about 8,950. No 
large motor ships were launched in the United States 
last year, but the returns for that country include 8 
Diesel-electric ships with a total tonnage of 11,545. 
Excluding vessels of less than 1,000 tons, 14 of the 
foreign-built ships, making about 68,000 tons between 
them, were designed for the transport of oil in bulk. 

Table II, on the next page, shows the outputs of the 
principal countries of the world for the years 1892 to 
1923, inclusive, and it will be seen that, excluding 
Great Britain and Ireland, the principal contributions 
to the total have been made by Germany, the United 
States, France, Japan, Italy and Holland. The aggre- 
gate production of these six countries amounts to 
836,364 tons and accounts for 834 per cent. of the total 
output abroad. 

Germany.—The German output for the year under 
review, as given in Table II, was 117 vessels with 
an aggregate tonnage of 358,273, but this figure in- 
cludes 8 steamers, making 13,211 tons, launched 
at Danzig. Last year’s figure, it will be seen, is lower 
than that for 1922, the difference of 216,991 tons 
representing a decline of 38 per cent. for the year, but 
the 1923 tonnage still compares favourably with the 
pre-war average and amounts to 36 per cent. of the 
tonnage launched in all foreign countries. Of the whole 
world’s tonnage launched last year, the German pro- 
duction amounted to nearly. 22 per cent., while that 
of Great Britain and Ireland was just over 39 per 
cent. and the corresponding figures for 1913, it may be 
noted, were: Germany, 14 per cent., and Great 





Britain, 58 per cent. The German total for 1923 
includes 89 steamers, with an aggregate tonnage of 
298,049, 19 motor ships, making 46,869 tons, and one 
sailing vessel of 144 tons, these, with the eight steamers 
built at Danzig, making up the figure given in Table II. 
Eighteen of the vessels built come between 4,000 tons 
and 6,000 tons, 12 between 6,000 tons and 10,000 tons, 
while five ships, including the Deutschland, previously, 
mentioned, are of 10,000 tons or over. Excluding 
vessels of less than 1,000 tons, eight of the shijs 
launched, with an aggregate tonnage of 41,772, will be 
propelled by oil engines, while turbine machinery will 
be fitted on seven vessels having a total tonnage of 
66,370. 

United States.—The tonnage launched from the 
coast and lake yards of the United States last year, 
viz., 172,817 tons, exceeds that for 1922 by 53,679 tons 
or 45 per cent., but is nearly 4,000,000 tons lower 
than that for the record year of 1919. With the 
exception of 1922 and 1911, it represents the lowest 
production for that country since 1898 and is less 
than 18 per cent. of the total foreign tonnage launched 
last year. The increase recorded for 1923, as com- 
pared with the 1922 production, it will be noticed, 
is accounted for entirely by a larger output from the 
yards on the Great Lakes; the output from the coast 
yards is rather lower than that for 1922. The total 
American tonnage launched last year ‘includes 50 
steamers, of 143,122 tons in the aggregate, 14 motor 
ships, making 16,393 tons, and: 19 sailing vessels, 
which account for 13,302 tons between them. Of the 
steamers launched, 11 come between 6,000 tons and 
9,000 tons each, but only two of these have been 
built on the coast, the remainder having been launched 
on the Great Lakes. As previously mentioned, the 
American total includes eight vessels, with an aggre- 
gate tonnage of 11,545, to be propelled by Diesel 
engines in conjunction with electric transmission. 

France.—This country maintains the third place in 
order of magnitude of tonnage launched abroad, 
although the figure for 1923, viz., 96,644 tons, is 
not much more than half that for the previous year. 
It is also nearly 41,000 tons, or 30 per cent., lower 
than the average figure for the three pre-war years 
1911-1913, which was 137,400 tons. The 1923 total 
includes 22 steamers, making 86,019 tons; 2 motor 
ships, making 8,850 tons together; and 3. sailing 
vessels, with an aggregate tonnage of 1,775. Seven 
of the steamers come between 5,000 tons and 7,700 
tons, while one vessel launched has a tonnage of 
10,015. 

Japan.—Although the Japanese output of 72,475 tons 
for the year under review is 10,944 tons, or 13 per cent., 
lower than that for the previous year, the current figure 
still exceeds the output for any year prior to 1914. 
The total for 1923 includes 44 ships, of which 41, 
with an aggregate tonnage of 71,471, were steamers, 
while the remainder consisted of 3 small motor ships, 
making 1,004 tons between them. Two of the 
steamers launched were of about 6,500 tons each and 
another had a tonnage of 10,380. 

Italy.—The Italian output of 66,523 tons is also 
lower than that for 1922, the difference of 34,654 tons 
representing 34 per cent. of the 1922 production. ‘The 
total includes 13 steamers, making 58,786 tons, 2 
motor ships, which account for 6,888 tons, and 6 small 
sailing vessels, making only 849 tons. Only 2 vessels, 
with a combined tonnage of 7,515, were launched in 
the Trieste district last year, although the output from 
this district in 1922 was 65,786 tons. No very large 
vessel was built in Italy in the year under consideration, 
but the total includes 8 steamers coming between 5,900 
and 8,400 tons, while one of the two motor ships 
referred to is of 5,888 tons. 

Holland.—The Dutch output for 1923 is lower by 
nearly 100,000 tons than that for the previous year, 
and is, in fact, the lowest recorded since 1909. Last 
year’s figure of 65,632 tons includes 24 steamers, 
which account for 56,924 tons, 3 motor ships making 
5,900 tons, and 8 sailing vessels with a total tonnage of 
2,808. These figures, however, do not include vessels 
intended exclusively for river navigation, and the 
aggregate tonnage of these vessels is often very con- 
siderable. The largest sea-going vessel launched was 
a turbine steamer of about 11,000 tons, and five other 
vessels have tonnages coming between 5,000 and 7,000 
each. 

British Dominions—Between them, the British 
Overseas Dominions launched 44 vessels with a total 
tonnage of 41,263 in 1923, this total being 21,502 
tons, or 34 per cent., lower than the figure for the 
previous year. Of the total, 15,260 tons were launched 
at Hong Kong, 13,998 tons in Australia, and 11,038 
tons in Canada. The Australian tonnage, it should be 
mentioned, includes the Fordsdale, a vessel of 9,650 tons, 
launched at Sydney, but, with this exception, no vessel 
exceeding 3,500 tons was launched in any of the 
Dominions during the year. 

Scandinavian Countries.—The total tonnage launched 
last year in the three Scandinavian countries of Denmark, 
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DIRECT CONTACT 


MARINE FEED-WATER HEATER. 


CONSTRUCTED BY MESSRS. WORTHINGTON-SIMPSON, LIMITED, ENGINEERS, LONDON. 

















Fra. 1. 


MARINE FEED-WATER HEATER. 


THE transference of the waste heat in exhaust steam 
to the feed water of the boilers is effected either by 
a closed heater in which the steam and feedwater are 
kept entirely separate, or by a heater of the open type 
in which the water is brought into direct contact with 
the steam. Each method has its advantages and 
defects, and when the steam is free from oil and other 
circumstances are favourable, the simple and efficient 
system of direct contact is very largely adopted. In 
marine work especially, the direct-contact type of feed- 
water heater is very general, and we illustrate in Figs. 
1 to 3, above, an apparatus of this type manufactured 
by Messrs. Worthington-Simpson, Limited, of Queen’s 
House, Kingsway, London. This feed-water heater is 
designed to deal with 43,000 Ib. of water per hour. 
Steam enters by the exhaust inlet valve shown on the 
right-hand side of Fig. 2 and flows round an annular 
passage, the inner wall of which is perforated with a 
number of holes. The water enters through an adjustable 
spring-controlled valve and falls into a perforated conical 
diaphragm, through which it passes into the tray 
beneath. The overflow from this tray falls into the 
float chamber below, It will be clear from the drawing 
that the water is broken up and brought into intimate 
contact with the exhaust steam, besides coming into 
contact with metal directly heated by the steam. The 
apparatus is fitted with a relief valve to prevent any 
accumulation of steam pressure within it, and an 
atmospheric valve prevenvs a vacuum being formed. 

A compound pressure gauge shows the pressure 
inside the heater. The float in the chamber beneath is 
connected to an external counterbalance lever as shown, 
and the lever in turn is coupled to the lever of a steam 
valve, the object of the arrangement being to regulate 
the steam supply to the feed pumps in accordance with 
the quantity of water available for them. By 
removal of the cover at the lower part of the float 
chamber the float and levers are withdrawn together 
and the interior of the heater rendered accessible 
for cleaning. The apparatus, which is well lagged 
to conserve heat, is manufactured at the Company’s 
works at Newark-on-Trent. 
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THE LOW-HILGER AUDIOMETER. 


In the investigation of many acoustical problems 
useful information can be obtained by analyses of the 
form and amplitude of the sound wavesin air. This can 
be done (in some cases) by employing a sensitive flame 
and rotating mirror, but a much more convenient and 
reliable method is now available in the form of the 
Low-Hilger audiometer, which not only permits the 
form of sound waves to be examined visually, but also 
gives a permanent photographic record of them. The 
instrument, which was formerly known as the Hilger 
optical sonometer, is made by Messrs. Adam Hilger, 
Limited, 754, Camden-road, N.W. 1, for the Low 
Engineering Company, Limited, 66, Victoria-street, 
S8.W. 1, who have inade considerable use of it in 
investigating the noises arising from machinery, with a 
view to their reduction. 

Fig. 1, on the next page, is a longitudinal section of 
the complete instrument, while Fig. 2 is a photographic 
illustration, showing its general appearance in a 
partially dismantled state. As will be seen, it com- 
prises two rectangular boxes connected by a wooden 
framework, both boxes and framework being con- 
structed of polished mahogany, and the boxes being 
made light-tight, after the style of a camera. The 
smaller of the two boxes, viz., that on the left of Fig. 1 
and on the right of Fig. 2, contains a 30 candle-power 
Pointolite lamp, while on top of the box is mounted a 
triangular ‘hollow casting, which carries the receiving 
horn, the sensitive diaphragm, and the optica] system 
of the instrument. The second box, which can be 
moved along the framework, contains a spring motor of 
the gramophone type, and this motor drives a hori- 
zontal table having a vertical edge, which carries the 
strip of kinematograph film or photographic paper on 
which the sound-wave record is produced ; an electric 
motor can, of course, be used to drive the table if 
preferred. 

The essential part of the instrument, and that upon 
which its utility mainly depends, is the diaphragm, 
which may be of rubber or other materials, according 
to the sensitivity required, but is usually an extremely 
thin film of celluloid. The celluloid film is mounted on 
a stout metal ring, which fits into the triangular casting 
above referred to, and is clamped in position, at an 
angle of 45 deg. with the horizontal, by a hinged cover, 
which also forms the connection for the receiving horn. 
The diaphragms, we may mention, can be made in 
thicknesses down to less than the wave-length of light, 
and those employed for investigating speech sounds 
and other sounds of approximately equal intensity, have 
a thickness of about 2 4 «. The mass of the diaphragm 
is thus very small, and the damping effect of the air in 
contact with both sides of the material is comparatively 
great. The arrangement is thus extremely sensitive, 
and the movement of the diaphragm is practically 


| aperiodic, as far as ordinary frequencies are concerned, 
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so that it accurately follows the fluctuations of air 
pressure set up by the sound waves. 

Several different methods are used by Messrs. Hilger 
in making and mounting these diaphragms, but one 
which has been found to give results of the highest order 
may be briefly described as follows: A thin slab of 
rocksalt is polished flat and mounted on a vertical 
spindle, which is rotated at a suitable speed, depending 
upon the thickness of diaphragm required. A solution 
of celluloid dissolved in amyl acetate is poured on to the 
rocksalt slab, and when the solution has spread out 
uniformly by centrifugal action, it is allowed to dry, 
and the slab is afterwards placed on a hot plate and 
warmed slightly. The supporting ring to which the 
diaphragm is to be attached, after having been coated 
with a suitable cement, is placed on top of the celluloid 
film on the rocksalt slab, so that the cement comes into 
contact with the film. The whole is then warmed until 
the cement has adhered firmly, and is allowed to cool 
slowly. Finally, the ring and rocksalt slab are sup- 
ported over water, with the slab downwards, in such a 
manner that the water surface is about level with the 
celluloid film, and, as the rocksalt slab is thin, it is 
rapidly dissolved away, leaving the film securely 
attached to the supporting ring. 

A small portion of the surface of the diaphragm on 
one side of the centre, is rendered reflecting by a 
cathodic deposit of platinum. The light from the 
Pointolite lamp, after passing in a vertical direction 
through a condensing lens and slit, is reflected from the 
metallised surface of the diaphragm and directed 
horizontally through another lens, which forms an 
image of the slit on the edge of the rotating table in the 
other box. Inside the latter is a cylindrical lens 
through .which the light passes, and, as this lens is 
mounted with its axis at right angles to the image of the 
slit, the image is reduced to a bright point of light. 
This can be focussed exactly on to the photographic 
film or paper by moving the lens on the right of the 
diaphragm in Fig. 1 in a horizontal direction. 

The horn which receives the sound to be invéstigated 
and directs it on to the diaphragm is suspended from a 
light wooden stand. It is obviously of the utmost 
importance that resonance effects in the horn should be 
avoided, and for this reason it is made of specially 
selected millboard, wound over the whole of its external 
surface with adhesive rubber tape. The horn has a 
taper of about 12 deg. and is 24 in. in length. The 
sound waves conveyed by the horn to the diaphragm 
cause it to vibrate in a manner which corresponds to the 
form of the sound wave, and the point of light reflected 
from the surface of the diaphragm copies the movement 
of the latter on a greatly magnified scale. If the table 
carrying the kinematograph film is rotating, the move- 
ments of the point of light will be recorded and will be 
rendered visible by developing the film. It should 
here be explained that the box which encloses the 
rotating table is provided with an automatic shutter, 
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which normally closes the opening through which the 
light passes to the film, and this shutter can be set so 
that the film is exposed either for a complete revolution 
or for any portion of a revolution down to one-sixth. 
It is thus possible to obtain any number of records, up 
to six, on the same piece of film, which is 37 in. in length. 
The speed of the spring motor which drives the table is 
adjustable over a wide range, and an indicator is fitted 
to give a rough idea of the speed. For accurate 
measurements of frequency, however, it is necessary 
to employ an electrically-operated tuning-fork to give 
a time marking on the film simultaneously with the 
sound record. This is accomplished by mounting a 
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of which remain constant for some little time. For this 
purpose a door in the cover of the rotating table is 
opened and a paper strip, printed with equally-spaced 
narrow vertical white lines on a black background, is 
fitted on to the edge of the rotating table in the 
place normally occupied by the photographic film. 
If the speed of the table is adjusted so that the 
white lines pass through the beam of light reflected 
from the diaphragm with a frequency equal to that 
of the sound wave being investigated, an observer 
watching the travelling paper band will see the 
wave shape in the form of a light curve against a 
dark background. If the speed is correctly adjusted 
for the frequency the wave will be quite stationary, but 
if the table is running a little too fast, or too slow, the 
wave will appear to travel to the right or left, and this 
circumstance provides a simple and convenient guide 
for the speed adjustment. Visual observations of this 
kind are particularly interesting for demonstration 
purposes, but, as they lack permanency and are limited 








indications of the wave form of sounds, the frequencies | 





Finally, we may refer to the use of the instrument for 
investigating or comparing the noises produced by 
running machinery, &c. For this purpose it is not 
always necessary to take photographic records, a 
comparison of the amplitudes of the vibrations pro- 
duced in different circumstances being sufficient. For 
example, to compare the noise produced by a newly 
completed motor-car gear box with a standard gear box, 
the spot of light could be projected on to the whitened 
wall of a darkened room, and the amplitude of the 
vibrations produced by the standard gear box noted. 
A similar experiment with the new gear box, running 
under the same conditions, would enable an accurate 
quantitative comparison of the noise production of both 
to be made. Many technical comparisons of this 
character have been made with the instrument, and 
numerous photographic investigations of machinery 
and other noises have also been made. Some examples 
of photographic records of noises are reproduced in 
Figs. 3,4 and.5. Of these, the upper part of Fig. 3 is 
a noise record from an engineering workshop, and the 
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Fig. 2. 


small mirror on one prong of the tuning-fork and so 
arranging the apparatus that a beam of light from the 
Pointolite lamp is reflected from the mirror and focussed 
on to the edge of the film, so that it forms a sine curve 
clear of the main record. 

The amplitude of the sound record, of course, depends 
upon the intensity of the sound, the sensitivity of the 
diaphragm, and the distance between the diaphragm 
and the photographic film. Of these, the last-mentioned 
distance can be varied from 4 in. to 20 in., and, by 
changing the diaphragm, the sensitivity can be varied 
in the proportion of 20 to 1. It is thus possible to 
obtain records of about the same amplitude for sounds 
differing in intensity in the ratio 100:1. For most 
purposes the photographic records can be obtained on 
paper film, but when records of the greatest amplitude 
are required of sounds of high frequencies, the more 
sensitive kinematograph film, or “negative ’’ paper, 
must be employed. The box containing the rotating 
table is readily removable, so that it can be taken to a 
darkroom for changing the films without disturbing the 
arrangement of the rest of the apparatus; a changing 
bag can now be supplied to enable the films to be 
changed in full daylight. In any case, the actual 
exposures can be made in an ordinary room without 
any darkening, since the sensitive film is protected 
from fogging by the automatic shutter. 

_ By making use of the principle of the stroboscope it 
Is possible to employ the instrument to give visual 








pitch, they are of much less general utility than the 
photographic records. 

It is important in using the instrument to bear in 
mind that the results may be greatly modified by the 
effects of resonance. As far as the horn is concerned, this 
is reduced to a negligible quantity by the design of this 
component, as previously explained. The diaphragm 
itself, however, must necessarily have a natural period 
of vibration, and if the frequency of the sound received 
is approximately equal to this natural period, the vibra- 
tions of the diaphragm will be so augmented by reson- 
ance that the true characteristic form of the sound wave 
will be obliterated. It is therefore necessary to select a 
diaphragm the natural period of which differs con- 
siderably from the frequency of the sound under 
examination. This presents no difficulty in practice, 
since diaphragms can be supplied with natural fre- 
quencies ranging from 80 to 3,000 cycles per second, 
although the sensitivity also varies with the frequency 
to some extent. With the 80-cycle diaphragm, 
accurate records of sounds having a frequency of 
1,000 cycles per second can be obtained, while the 
presence of overtones with a frequency of 10,000 cycles 
per second can be detected. For most purposes, 
however, a diaphragm with a natural period of 200 








cycles per second is suitable and is regarded as the 
standard. It is, of course, possible to determine the 
variations in air pressure quantitatively if the physical 
constants of the diaphragm are previously calculated. 
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Fig. 5. 


effected after mounting the machines on fibre insulating 
material. In Fig. 4 are reproduced the records of the 
noise produced by a ball bearing, the upper record 
having been obtained with the shaft a rather loose fit 
in the inner ring, while the lower record was obtained 
after the ring had been properly fitted to the shaft. 
The last records reproduced in Fig. 5 show, in the upper 
and lower parts, respectively, the noise produced by the 
traffic on a wood-paved road in good condition and 
that produced on a road paved with rubber blocks. 
The smaller amplitude and more rounded character of 
the curve obtained from the rubber road should be 
noted. Such records are, of course, particularly useful 
in connection with litigation regarding nuisance due to 
machinery or other noises. 








INDUSTRIAL NOTES. 


Tue figures of the miners’ ballot on the question of 
terminating the National Wages Agreement are now 
known, and show a majority for its termination of 
395,745, the totals being: for termination 510,303, 
against 114,658. Each district gave a more or less 
heavy vote for termination. Following a meeting of 
the Miners’ Executive with the Central Committee of 
the Mining Association, a notice for terminating the 
agreement on April 17 was finally handed in. The 
coalowners have intimated that the constituent 
districts of the Mining Association will be consulted 
with reference to the miners’ request for a re-opening of 
negotiations, 





At midnight last Sunday, the men on the railways 
belonging to the Associated Society of Locomotive 
Engineers and Firemen went out on strike, thus affording 
evidence that the conversations mentioned in our last 
issue, between the representatives of the various 
unions and with representatives of the Trades Union 
Congress, had failed. The leaders of the National 
Union of Railwaymen remain strong in their con- 
demnation of the strike action taken by Mr. J. Bromley, 
the secretary of the society. They have stated that 
there can be no withdrawal of labour on the part of 
members of the National Union of Railwaymen by 
reason of the recommendations of the National Wages 
Board, since the recommendations have been accepted 
officially by the union. The statement goes on to say 
that there can be no strike on the merits of the award, 
and no member of the union is entitled to strike on that 
issue. The members of the union are to confine them- 
selves to their own work and to do their own duty, and 
that only. In other words, ‘‘ members of the union 
must carry on their ordinary work, but in no case must 
they perform work which would otherwise be done by 
a man who has gone out on strike.”’ 

The companies’ figures of the men’s earnings following 
upon the application of the National Wages Board’s 
awards have been disputed by Mr. J. Bromley ; if the 
effect of the awards is so great as he says it is, it is 
astonishing that the two delegates of the society who 
were present at the Board’s meetings, and who signed 
the Board’s report, did not notice that effect during the 
deliberations, and did not make any reservation. The 
situation, the railway companies state, was exhaustively 
considered at the meetings. They add that the 
decisions of the Board are not obligatory decisions ; it 
is evident, however, that if all parties signatories to the 
findings are not prepared to carry these out, the whole 
machinery of negotiations established by the Act of 
1921, at the joint instance of the men and companies, 
becomes unworkable. The companies, moreover, say 
that nothing in the Board’s findings warrants in any 
way the statement made by Mr. J. Bromley to the 
effect, that they will lead to extensive degrading and 
dismissal of staff; such a statement is entirely 
without foundation. 


On Monday Mr. Bromley wrote to the railway 
managers stating that his executive was prepared at 
any time to meet them with a view to endeavouring to 
secure the adjustment of the present difficulties. The 
railway managers met on Tuesday and afterwards 
replied to Mr. Bromley, calling his attention to. the 
intervention of the General Council of the Trades 
Union Congress ; they added that the Society appeared 
to be still opposed to the decision of the National 
Wages Board, and so long as that opposition continued 
it was difficult to see that any advantage would be 
gained by holding the meeting referred to. In answer 
to this, Mr. Bromley again wrote expressing the wil- 
lingness of the Society’s executive to meet the general 
managers and recuesting them to arrange a meeting 
with the executive at their convenience. The railway 
managers met on Wednesday to consider the situation, 
and reiterated on Thursday the views expressed in 
their communication of Monday. 

In the course of an interview, Mr. H. C. Charleton, 
M.P., formerly an engine driver, stated that other 
skilled workmen were paid much less than the rate— 
not lower than 5l. per week-—paid to the locomotive 
men, which sum proved a reasonable wage. Skilled engi- 
neers in work were paid 2%. 15s., and had more reason 
to complain than those who worked on the footplate. 
Mr. Charleton also stated that the Society were envious 
of the position of the National Union of Railwaymen, 
this being the secret of the whole trouble. 

The Ministry of Labour reports that employment in 
December, 1923, showed a further improvement prior 
to the holidays. Among workpeople insured under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland the percentage unemployed on 
December 21 was 10-7, compared with 11-5 on 
November 26, and with 11-7 on October 22. On 
December 18, 1922, the corresponding percentage was 
12-6. Among members of Trade Unions from which 
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returns were received the percentage unemployed was 
9-7 at the end of December, compared. with 10-5 at 
the end of November. The total number of workpeople 
registered at the Employment Exchanges as unem- 
ployed on December 17 in Great Britain and Northern 
Treland was approximately 1,174,000, of whom 889,000 
were men and 223,000 were women, the remainder being 
boys and girls. On November 26 the total was 
1,257,000, of whom 945,000 were men and 240,000 
were women. Employment was good in the coal mining 
industry and in the tinplate, steel sheet, carpet and 
jute trades; it was fairly good with skilled operatives 
(except painters) in the byilding trades, with coach- 
builders and coopers, and in certain sections of the 
metal trades ; and fair in the brick making, furnishing, 
millsawing, printing and leather trades. In most of 
the other large industries it was slack or bad. Among 
the principal industries, those which showed most 
improvement were pig-iron manufacture, iron and steel 
manufacture, engineering, shipbuilding, and cotton 
and wool textiles. After Christmas there was a seasonal 
decline inemployment, and in many cases the customary 
holiday stoppages were extended. On the 7th inst. 
the number of workpeople registered at the Employ- 
ment Exchanges as unemployed was approximately 
1,266,000, as compared with 1,527,000, on January 8, 
1923. 





The total number of workpeople affected by changes 
in rates of wages reported in December was less than 
in any month since December, 1920. In the industries 
for which statistics are available the changes in rates of 
wages reported as having taken effect during the month 
resulted in an aggregate reduction of 5,000/. in the 
weekly full-time wages of 73,000 workpeople and in an 
increase of 4,6001. in the weekly wages of 55,000 work- 
people. The reductions occurred mainly in the metal 
and clothing trades. In the former there was a decrease 
of over 14 per cent. on the current rates of iron puddlers 
and iron and steel millmen in the Midlands. There 
were increases of 4d. per hour in the wages of men 
employed on civil engineering constructional work, 
of 1} per cent. on the current rates of steel sheet 
millmen, and of 1s. 2d. and 6d. per week in the wages of 
men and women respectively in the making-up and 
packing industry at Manchester. The changes in wages 
reported to the Labour Department during 1923 
resulted in a net reduction of nearly 480,000/. in the 
weekly full-time wages of over 3,000,000 workpeople 
and a net increase of nearly 170,000/. in the weekly 
wages of nearly 1,200,000 workpeople. During 1922 
there was a net reduction of over 4,200,000/. in the 
weekly full-time wages of over 7,600,000 workpeople 
and a net increase of about 11,000/. in the weekly wages 
of about 75,000 workpeople. 





On the Ist inst. the average level of retail prices of 
the commodities taken into account in the statistics 
prepared by the Ministry of Labour was approximately 
77 per cent. above that of July, 1914, as compared with 
77 per cent. a month ago and 78 per cent. a year ago. 
For food alone the corresponding percentage for the 
Ist inst. was 75, as compared with 76 a month ago and 
75 a year ago; but this decrease was counterbalanced, 
in the general:average for all items of expenditure, by 
increases in the prices of coal and of cotton goods. 

The number of trade disputes involving stoppages of 
work, reported to the Labour Department as beginning 
in December, was 12. In addition, 12 disputes which 
began before December were still in progress at the 
beginning of the month. The total number of work- 
people involved in all disputes in December was 
approximately 10,300, as compared with 54,000 
(including 40,000 shipyard workers) in the previous 
month and 7,400 in December, 1922. The estimated 
aggregate duration of all disputes during December was 
about 83,000 working days, as compared with 1,016,000 
days in November, 1923, and 72,000 days in December, 
1922. The number of disputes in progress was smaller 
than in any month since January, 1917. The estimated 
aggregate duration of all disputes reported as in progress 
during 1923 was about 10,640,000 working days. The 
total number of workpeople involved in these disputes 
was nearly 400,000. In the previous year over 550,000 
workpeople were involved in disputes having an 
aggregate duration of approximately 19,850,000 
working days, 








The British tinplate trade is dealt with in detail by 
the Report for 1923 now issued by Messrs. Sim 


.} and Coventry, 110, Cannon-street, E.C. 4, the report 


reviewing also the tinplate trade throughout the world. 
From this we find that, so far as the British output is 
concerned, 1923 has been a record year. Generally 
speaking, less than usual was heard of foreign price- 
cutting, the fact being that America had almost enough 
to do to supply her own wants. Both in America and 
in this country mills have been running to 80 per cent. 
of their capacity, and in November it was estimated 





that they were working almost full in both countries. 
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| It has been stated that British makers had been able 


to recover the whole of their pre-war markets which 
were lost to the United States during the war. A few 
months ago a change was made in the working hours of 
the American mills, which will, it is stated, raise the 
American cost of production, and may at the same time 
cause a smaller output. Various Welsh works are 
about to erect new mills, and there has been some talk 
of the industry being introduced upon the East Coast 
of England. Other interesting statistical and other 
data on the particular trade are contained in the report. 





Messrs. Petters, Limited, Westland Works, Yeovil, 
are issuing on the 15th of each month a publication 
dealing with general items of trade interest, particularly 
in regard to the engineering industry, also concerning 
their works. The issue for the 15th inst. contains short 
articles of the above nature, and states that it is the 
custom of the firm to present a silver watch and a 
diploma to all apprentices who have satisfactorily 
completed the period of their indentures. This affords 
evidence of the attention which Messrs. Petters give to 
the training of their skilled workers. 

Speaking at the annual meeting of the Federation of 
British Industries on the 17th inst., Sir Eric Geddes 
stated that the Federation had never regarded anything 
but industry and its well-being as its interest, and it had 
regarded industry in that sense from a purely national, 
and not from a sectional, standpoint. In spite of 
erroneous statements to the contrary, it had not 
interfered in labour matters, the hours of employment, 
or the remuneration for employment. The Federation 
had never taken any action or any line in disputes 
regarding labour or conditions of service. There was 
no body in this country which could so well or so 
authoritatively as the Federation advise the Govern- 
ment upon the views of industry, and Sir Eric hoped 
that if a Labour Government came into power the 
Federation was not wrong in believing that it would 
seek the Federation’s advice. 





We deal in detail in a separate article in the present 
issue with the shipbuilding industry in this and in 
foreign countries during the past year, as far as new 
ships are concerned. In conjunction with this article 
we wish to put on record two statements. The one is 
given in the January report issued by the United 
Society of Boilermakers and Iron and Steel Ship- 
builders ; it reads: ‘‘ The seven months’ lock-out did 
not help output. Yet too much should not be made of 
the effect of the lock-out on trade, because, with all 
the reports of work going abroad, we find that 1923 was 
a bad year for shipbuilding in all countries The 
figures for the year show that Britain kept her proud 
place, not only for the highest gross output of ships 
but also as builders of big, fast, up-to-date ships.” 
The other statement is from the yearly report by 
Messrs. William Jacks and Co., Winchester House, Old 
Broad-street, London; it is to the following effect: 
‘“* With the advent of 1923 there were a few faint signs 
of improvement in the prospects of the shipbuilding 
industry Unfortunately a new disaster was 
to come. The revision of the National Agreement was 
repudiated by the Boilermakers’ Society . . . The 
paralysing effects of the dispute were soon apparent. 
Other trades in the shipyards were quickly brought to a 
standstill. By the time the men returned to work 
after a ballot vote the damage had been done. Six 
months’ output had been lost, many important repair 
contracts had been sent abroad, and the sum of human 
misery and suffering had been immeasurably in- 
oreesed 251.1, 





STEEL FOR THE CONSTRUCTION OF SAFES. 
To THE EpitoR oF ENGINEERING. 

Str,—The article in your current issue on “ Reinforced 
Concrete Safes” recalls to my mind the fact that steels 
containing any considerable percentage of tungsten cannot 
be cut by the oxy-acetylene blow pipe. For example, it 1s 
impossible to cut off ordinary high-speed steel by the 
oxy-acetylene cutting flame, which has practically no 
effect whatever upon the steel. Certain other steels 
having a lower percentage of tungsten are almost as 
difficult to cut. 

I do not know whether this fact is generally known, 
but, if not, tungsten steel appears to offer a very excellent 
material for burglar-proof safes. 

Yours faithfully, 
P, V. VERNON. 


Coventry, January 21, 1924. 





GERMAN ENGINEERS’ TEXTBOOK.——Messrs. Schuchardt 
and Schiitte have issued the sixth edition of their 
engineers’ textbook (Technisches Hilfsbuch), which 
contains calculation tables, conversion tables, physics 
data and figures on gauges, screws, springs, gears, 
machine tools, &c., generally found in books of this 
nature. It measures 7} in. by 4} in. and contains 480 
clearly printed pages, carefully indexed ; it is published at 
the price of 8s. 4d. by Messrs. Julius Springer, Berlin. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 

Iron and Steel—Coming at a time when there were 
signs of an all round improvement, the railway strike 
has already done much to check the growth of confidence 
and to delay production under existing contracts. Local 
steel and engineering works are carrying on from day to 
day, but stocks of fuel are uniformly light, and unless a 
settlement is quickly reached the position will give 
cause for anxiety. Already operations at one or two 
rolling mills have been suspended, and it is likely that 
similar steps will be taken in other departments where 
fuel consumption is heavy. Apart from the strike the 
outlook is a little more hopeful though the development 
of forward business has sustained a check from political 
causes. The market for raw and semi-finished materials 
is largely marking time. Production is just about 
sufficient to meet requirements, but makers are not 
disposed to sanction an enlarged output until the general 
situation clears. Business in special brands of steel with 
France has suffered a setback from the movement of 
French currency. This is particularly noticeable respect- 
ing the supply from this district of alloy steels to auto- 
mobile engineers on the Continent. Forges and foun- 
dries have benefited from the recently placed railway 
orders, but are now faced with the difficulty of making 
coal stocks spin out over the strike, and will probably 
have to suspend operations. Special steels are attract- 
ing rather more attention on overseas account, but 
foreign buying in the main is very unsatisfactory. Some 
of the tool trades report slightly improved order books, 
though much of the business on hand has been taken in 
face of keen competition at prices which allow only the 
narrowest margin of profit. 


South Yorkshire Coal Trade.—The maintenance of coal 
production becomes increasingly difficult owing to the 
congestion of sidings and the shortage of wagons, and 
unless an early settlement of the railway strike is 
reached, conditions point to a stoppage at the worst 
affected pits within the next ten days. Collieries are 
doing their utmost in face of very difficult circumstances 
to keep the staple industries supplied with fuel under 
contract engagements and are also sending a limited 
tonnage for shipment. Pressure on house coal continues 
insistent and there is a ready market for cobbles, nuts and 
slacks, but in the circumstances prices are nominal. 
Quotations: Best handpicked branch, 35s. to 36s. ; 
Barnsley best Silkstone, 30s. 6d. to 32s.; Derbyshire 
best brights, 30s. to 32s.; Derbyshire best house coal, 
26s. to 27s.; Derbyshire best large nuts, 24s. 6d. to 
25s. 6d. ; Derbyshire best small nuts, 18s. 6d. to 20s. 6d. ; 
Yorkshire hards, 22s. 6d. to 23s. 6d.; Derbyshire hards 
21s. to 22s, 6d. ; rough slacks, 12s. 6d. to 13s. 6d. ; nutty 
slacks, 10s. to 12s.; smalls, 7s. to 9s. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 
The Trade Position.—Conditions all round are now in 
avery unsettled state, particularly through the railway 
strike, and managements are faced with a very difficult 
problem. Few works have sufficient supplies of raw 
material on hand to carry on for any length of time, and 
even should they have enough, full time is as nothing 
if supplies of_raw material cannot be obtained. Some 
districts are harder hit than others because of the two 
unions which each claim large numbers of railwaymen. 
In districts where the majority of the men are members 
of the N.U.R. very satisfactory train services are in 
operation. This strike has arrived at a most unfortunate 
time, just when we were hoping for and looking forward 
to, a steady improvement in trade. Industries in a large 
number of places will be brought very quickly to a com- 
plete standstill, and in a short time others dependent on 
them for supplies will suffer also. If the strike should 
happen to be of long duration the trade of the country 
will soon be paralysed, but there are hopes that a way 
out of the impasse or else that a complete collapse will 
take place at no distant date. 


Scottish Steel Trade.—In the steel trade of Scotland 
there has been little fresh business booked during the 
past week. Consumers have been endeavouring to get 
forward supplies of material before the railwaymen 
should cease operations, and now that the strike ~has 
taken place it is very difficult to secure further supplies. 
Ship plates and sections have not improved very much of 
late, but a fairly good undertone exists. Black sheet 
makers have quite a number of orders on their books, 
and if conditions permit they are likely to be well em- 
ployedforsometime. For the heavier gauges the demand 
is a shade better. Prices continue firm and are as 
follows: boiler plates, 137. 10s. per ton; ship plates, 
101. 58. per ton; sections, 101. per ton; and sheets, 
12/. 10s. per ton, all delivered Glasgow stations. 


_ Aalleable Iron Trade.—There has been no improvement 
in the malleable-iron trade of the West of Scotland 
since last report, and employment is very much of the 
day to day character. New orders are extremely 
scarce and inquiries are not very encouraging. The 
promises of a revival in the trade are meantime dashed 
to the ground through the railway strike. Prices keep 
steady with ‘“‘Crown” bars round 12/. 10s. per ton, 
delivered Glasgow stations. 


_ Scottish Pig-Iron Trade.—Affairs in the Scottish pig- 
‘ron trade show little change this week, but the industry 
will suffer very quickly through the dislocation caused 
by the railway strike. Wagons are getting scarce 
every day, and it is quite anticipated that even should 


ENGINEERING. 





down. Prices show an easier tendency and are as 
follow: Hematite, 5/. 8s. 9d. per ton delivered at steel 
works ; foundry iron—No. 1, 5/. 10s. per ton, No. 3, 51. 
per ton, both on trucks at maker’s yards 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, January 19, amounted to 3,640 
tons. Of that total, 3,135 tons went overseas and 505 
tons went coastwise. For the corresponding week of 
last year the figures were 4,748 tons foreign and 303 tons 
coastwise, making a total shipment of 5,051 tons. 

Shipbuilding.—A slight improvement is reported in 
the shipbuilding industry, and several new contracts 
have lately been fixed up, as well as a number of repair 
orders. The Clyde Shipbuilding Company has secured 
an order to build a new vessel for Messrs. Erhardt & 
Dekkers, Rotterdam. Several other contracts are re- 
ported, but confirmation is not yet to hand. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—The partial strike of footplate men 
on the railway has driven business on the coal market 
to a practical standstill as operators, in view of the 
uncertain outlook, were not prepared to commit them- 
selves to fresh transactions. At the docks, though the 
loading of vessels is still being proceeded with on a 
restricted scale, the number of idle appliances is gradu- 
ally increasing, and stoppages in the coalfield are becom- 
ing more numerous. Coal is still finding its way to the 
docks from the collieries, but in such limited quantities 
that the tips are only able to work intermittently, while 
a considerable quantity of shipping is held up, though 
the railway authorities are concentrating their efforts 
on completing vessels that have a chance of getting 
away. Thousands of men have already been thrown 
out of employment by the action of the engine drivers 
and firemen, and as the railway companies are bound to 
give preference to the transport of necessaries of life, 
it is obvious that with depleted stafis, nothing like the 
quantity of coal required to keep the docks in anything 
like full employment, is likely to reach the docks, while 
the collieries are compelled to remain idle through a 
lack of empty wagons. Last year there was a con- 
siderable improvement in the export trade of South 
Wales, the shipments of coal, coke and patent fuel from 
the principal docks amounting to no less than 36,485,766 
tons, which was 3,846,001 tons, or 11 per cent. more 
than in 1922. The coke exports formed the outstanding 
feature of the returns, for shipments expanded from 
97,431 tons to 327,190 tons, an increase of 229.759 tons, 
an improvement of no less than 236 per cent. The 
returns of the exports in 1922 and 1923 are shown in 
the following table :— 





+ Increase. 








Coal. | 4922, 1923. 
| — Decrease. 
Tons. Tons. Tons. 

Foreign 25,197,637 | 29,487,574 |-- 4,289,937 
Coastwise 1,931,672 | 1,585,277 346,395 
Bunkers 4,242,307 4,030,140 212,167 
Totals .| 31,371,616 | 35,102,991 |-- 3,731,375 
Coke ... 97,431 327,190 |-|+ 229,759 
Fuel 1,170,718 1,055,585 |— 115,133 
Grand Total | 32,639,765 | 36,485,766 |+ 3,846,001 














Coal shipments, as a whiole, recorded an increase of 
11 per cent. over those for 1922, of which the foreign 
cargo exports were raised by 17 per cent., whereas 
bunker and coastwise shipments were reduced by 5 per 
cent. and 18 per cent. respectively. Exports of patent 
fuel were lowered by 9 per cent. Last year, 1,919,305 
loads of pitwood and pit props were imported into South 
Wales, for use at the collieries as compared with 1,551,351 
loads in 1922. Of the total 1,215,495 loads were brought 
into Cardiff in 1923, 389,233 loads into Newport, 183,137 
loads into Port Talbot, 130,392 loads into Swansea, and 
1,048 loads into Llanelly. As usual, France supplied 
the bulk of the timber to the Welsh pits, no less than 
1,565,289 loads coming from that country. 





Tue CutnesE Iron Inpustry.—According to Canadian 
Machinery a subsidy of 11,000,000 yen has been granted 
recently to the Anshan Iron and Steel Works, in South 
Manchuria, by the South Manchuria Railway,.to be 


works. In 1924 between 6,000,000 and 7,000,000 yen 
is to be applied towards carrying out preparatory work 
for an annual production of 200,000 tons of pig-iron. 





Disset Enaine Users’ Assoctation.—The report for 
the year 1923 of the Homey, Secretary of the Diesel 
Engine Users’ Association, Mr. Percy Still, gives evidence 
of valuable work done in collecting and tabulating 
the running costs of heavy oil engines in land installa- 
tions. Some time must elapse before the completed 
returns are dealt with and the final results are obtained, 
but it is interesting to note that the cost of oil fuel per 
unit of electricity generated in 1921 had dropped to 
0-53d., which is practically the same as the figure for 
1917 before the occurrence of abnormal conditions 
caused by the European war. The returns for 1922 
and 1923 are at present under consideration and the 


furnaces require to be damped down for a bit stocks on] Committee have arranged that Mr. C. O. Milton will 


hand are sufficient to meet all demands that can be| present a preliminary report on these shortly. 


railed. Towards the end of last week quite a large 
tonnage was sent out, but demands will slacken off if 


Many 
papers on experiences in reducing costs of running were 
contributed during the year as well as others on con- 





the strike should last, as other industries will quieten 





siderations affecting the choice of engines. 


expended in 1924 and 1925 to revive activity at the is 1038. 6d 


NOTICES OF MEETINGS. 





Tue Instirvrion of MEcHANICAL ENGINEERS.— 
Friday, January'25, at 6 p.m., General Meeting: Lecture 
by Major G. Le Q. Martie, D.S.O., M.C., R.E., on the 
«Progress of Mechanical Engineering in the Military 
Services.” Friday, February 1, at 7 p.m., Informal 
Meeting: ‘British Main Line Electrification,’ by 
Herbert H. Johnson. 


Puystcat Soctery or Lonpon.—Friday, January 25, 
at 5 p.m., at the Imperial College of Science, South’ 
Kensington, 8.W., a Lecture, entitled ‘“‘ Recent Work in 
bag. hysics,”’ will be delivered by Mr. E. A. Milne, 


THE Juntor Instrrution or ENGINEERS: NortTH- 
WESTERN SEcTION (MANCHESTER).——Monday, January 28, 
at 7.30 p.m., in the Textile Institute, 16, St. Mary’s 
Parsonage, Manchester: Paper, ‘‘Some Developments 
in Electricity Supply,” by Mr. 8. L. Pearce, C.B.F. 

Royat Socrery or Arts.—Monday, January 28, at 
8 p.m., Cantor Lecture, “ Colloid Chemistry,” by Erie 
Keightley Rideal, D.Se., (Lecture IT); Wednesday, 
January 30, at 8 p.m., ordinary meeting, ‘“‘ The 
History, Development and Commercial Uses of Fused 
Silica,” by Sir Richard Arthur Surtees Paget, Bt., 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
Scornanp.—Tuesday, January 29, at 7.30 p.m., in the 
Rankine Hall, 39, Elmbank Crescent, Glasgow, ‘‘ The 
as of Passenger Ships,”’ by Mr. J. Foster King, 


INstiruTE or Marine ENcINEERS.—Tuesday, January 
29, at 6.30 p.m., at 85, The Minories, Tower Hill, E. 1: 
** The Gas Turbine,” by Mr. Hugh Campbell. 


THE Instirution or EectricaL ENGINEERS.— 
Thursday, January 31, at 6 p.m.: ‘‘ Some Researches on 
the Safe Uses of Electricity in Coal Mines,’’ by Professor 
W. M. Thornton, O.B.E., D.Sc., Member. 


BirMincHaM Meratturaicat Socrety.—Thursday 
January 31, at 7.15 p.m., at the Assembly Room, 
Chamber of Commerce, Birmingham. Discussion on 
** Brittleness.”” opened by Dr. F. Johnson, Dr. H. W. 
Brownsdon, Dr. L. Aitchison, and Mr. W. R. Barclay. 


THE Institution oF Crvit ENGINEERS: BIRMINGHAM 
AnD District Assocration.—Thursday, January 31, at 
6 p.m., at the University, Edmund Street, Birmingham, 
Mr. H. C. Toy, M.Sc., Stud.Inst.C.E., will read a paper on 
“The Permeability of Concrete.” 


THe Junior Institution or ENGINEERS.—Friday, 
February 1, at 7.30 p.m., at 39, Victoria-street: Lec- 
turette, “‘ Torsion Meters,”’ by Mr. J. Ward (exhibits). 


Royat InstiruTIon or GREAT Brirain.—Friday, 
February 1, at 9 p.m., a discourse will be delivered by 
Sir William Bragg, K.B.E., D.Sc., F.R.S., on ‘* Recent 
Research on Crystalline Structure.” Afternoon Lec- 
ture :—Tuesday, January 29, at 5.15 p.m.: Arthur 
Dendy, D.Se., F.R.S., on ‘“* What is Heredity ?”’ 
(Lecture I). 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrpptEsBRouGH, Wednesday. 

The Railway Strike.—Little is discussed just now but 
the railway strike, and its probable consequences. Chief 
concern is expressed as regards fuel supplies to the 
North Eastern industrial undertakings, most of which 
carry very small stocks of coal and coke, depending on 
day-to-day deliveries, serious interruption to which would 
quickly have disastrous results. 


Cleveland Iron. — Business in Cleveland pig iron is 
on an extremely limited scale. Demand is all but con- 
fined to obtaining supplies for home needs, and indeed, 
not only is there practically no export trade, but Con- 
tinental makers are competing successfully in home and 
foreign markets. Further purchases of French and 
Belgian iron has been brought for use here, and cheap 
Continental makes are cutting out Cleveland pig iron 
in Scotland. No. I Cleveland is 10ls.; No. 3 g.m.b., 
99s.; No. 4 foundry, 96s. to 96s. 6d.; and No. 4 forge, 
95s. to 95s. 6d., all f.0.t. makers’ works, and f.o.b. Tees. 


Hematite.—East coast hematite continues in fairly 
steady demand, chiefly for home use, but a few inquiries 
from abroad are circulating, and one or two export sales 
have occurred, amongst them being small parcels for 
Scandinavia. Nos. 2 and 3 are 102s. 6d., and No. 1 


Foreign Ore.—There is little or nothing doing in foreign 
ore. Market quotations are based on best rubio at 
24s. c.i.f. Tees, but consumers consider terms too high. 


Blastfurnace Coke.—Durham blast-furnace coke has 
taken an upward turn, due to possible difficulties of 
conveyance, and to possible emergency demand for 
damping down blast furnaces in the event of likely 
rolongation of the railway strike. Good medium coke 
is 37s. delivered here. 


Manufactured Iron and Steel.—Very little change -is 
noticeable in conditions as regards manufactured iron 
and steel. Most producers are well placed as regards 
orders, and hope is entertained that further substantial 
contracts will arranged. Values, all round, are well 
maintained. Common iron bars are 12l.; iron rivets, 
141.; packing (parallel), 9/.; packing (tapered), 12/. ; 
steel billets (soft), 9/.; steel billets (medium), 10/; steel 
billets (hard), 10/. 5s.; steel boiler plates, 131. 10s. ; 
steel ship, bridge, and tank plates, 101. 5s.; angles and 





joists, 101. ; heavy steel rails, 97. 10s. ; fish plates, 137. 
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THERMAL AND THERMODYNAMIC 
EFFICIENCIES. 


THAT necessity is not the sole mother of invention 
has been repeatedly illustrated in the experience 
of the race, and it would be easy to cite a number of 
cases in which the pioneer has been too far in advance 
of the necessities of his day to benefit by his 
ingenuity. A most striking example is afforded by 
the pneumatic tyre, which was patented some 
forty or fifty years before it was actually required. 
Indeed, it would seem to be the exception for a 
discovery of fundamental importance to be made in 
response to any urgent demand. Steam engineers 
were well contented with their products, when Sir 
Charles Parsons brought forward the compound 
steam turbine. The innovation received but a 
frigid welcome, and the idea that the “ steam-eater ” 
of the early ’eighties could be developed so as to 
halve power-station costs would have been derided 
by the men who were then engaged in further 
advancing the step-by-step improvement of the 
reciprocator, which was believed by all to be 
satisfactorily efficient and was, undoubtedly, a very 
reliable machine. 

It must be confessed, indeed, that most of our 
present-day mastery of methods and materials has 
been the resultant of a multitude of small im- 
provements, individually/ of no very striking 
significance. It is in work of this character that 
the immediate needs of the moment have been a 
preponderating factor, both in the rate of progress 
and in the direction chosen for the advance. 
To-day there is an urgent need for the better 
utilisation of coal for power production, and past 
history warrants the anticipation that much good 
will be effected in response to the demand, even if 
unmarked by anything strikingly novel. The 
high price of fuel and the competition of] the 
internal combustion engine is directing many 





minds on both sides of the Atlantic to the critical 
study of this question of achieving higher thermal 
efficiencies with steam plant. There is, in fact, 


| something of the nature of a revolt against the ideas 


popularised by the late Peter Willans. Prior to 


00 | the changes he occasioned it had been the practice 


to record thermal efficiencies of steam engines, 
and on this basis the steam engine of the day 
made but a poor showing, and the plan failed 
to bring out adequately the relative merits of 
good and indifferent engines. Mr.  Willans laid 
emphasis on this fact, and though admittedly 
it is the thermal efficiency with which the user 
is ultimately concerned, this criterion is far less 
useful to the designer than the efficiency ratio 
of the machine. This shows him how nearly he 
has approached to perfection, and affords the means 
of comparing on a reasonably equitable basis, tests 
of different engines. The popularisation of this 
basis of comparison undoubtedly stimulated com- 
petition and resulted in a rapid levelling up of 
standards. Tests, it is true, were not always 
reliable and published figures were often queried, 
but the very fact of their publication acted as a spur 
to improvement. The user undoubtedly benefitted 
by this rivalry, but of late there has been an 
increasing recognition of the fact that, after all, 
what the user pays for is fuel, and that a high 


0 | efficiency ratio may not necessarily imply an 


economical plant. 

As matters stand there is nowadays greater 
immediate possibility of improvement in the boiler- 
house than in the engine-room, but this is 
the concern of the user rather than of the 
designer of the plant. The latter is, however, 
by no means content to rest on his oars, and 
quite a number of interesting experiments are 
now in progress to improve thermal efficiency by 
changes in design as well as by improvements in 
operation. Thus progressive feed heating appears 
to have passed its experimental stage, and many 
designers are now considering the possibilities of 
‘‘ progressive ” steam raising using high and low 
pressure boilers, the steam from the latter being 
led into the turbine at an intermediate stage. 
Thus one Continental firm is adding to an existing 
installation a boiler in which steam will be 
generated at a pressure of 800 lb. per sq. in., and 
superheated to a total temperature of 400 deg. C. 
This will be supplied to an extra-high pressure 
turbine, exhausting into the existing steam main 
leading to the turbines already in use, Careful 
estimates indicate that a considerable improvement 
will be effected in the thermal efficiency of the 
station, and the procedure described offers the 
advantage that the experiment can be tried on 
a moderate scale, and should unexpected troubles 
arise, there will be ro shut-down of the plant 
as a whole, since the new section will merely be 
cut out of action. 

In a paper read on January 15 before the 
Institution of Engineers and Shipbuilders in Scot- 
land, Mr. James G. Weir, C.M.G., advocated a 
not dissimilar solution of the problem of attaining 
higher thermal efficiencies, though he did not 
propose to exceed a pressure of 500 per. sq. in. 
in his h.p. boiler. The low-pressure boiler would 
be operated at atmosphere pressure and be fitted 
with two-stage feed heating up to 200 deg. F. 
Mr. Weir finds that for a 15,000-kw. plant this 
low-pressure boiler would not require more than 
5,200 sq. ft. of heating surface, and a steam 
pipe 19 in. in diameter would suffice. He estimates 
that an overall thermal efficiency of 19-9 per cent. 
might be secured in this way, as against 14-80 per 
cent. for a good modern installation on standard 
lines. 

An internal combustion engine operates with a 
very high initial temperature, but this advantage is 
very substantially offset by the high temperature of 
the exhaust. The steam turbine operates with a 
relatively low initial temperature, but has also a 
low temperature exhaust. The fuel in the boiler is, 
however, burnt at a very high temperature, and 
there is, consequently, a large loss of the avail- 
ability of the energy as it passes from the furnace to 
the water. Any great improvement in the thermal 
efficiency of the internal combustion engine will, 
in accordance with the foregoing, probably involve 
some method of reducing the large loss of heat in 
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the exhaust, and, in fact, this has already led 
to the adoption of the binary fluid system, as 
exemplified in the Still engine. It has also 
been proposed to improve in a similar way the 
efficiency of the “‘ external combustion engine,” by 
which Mr. Weir denotes the combination of boiler, 
engines, and accessories. Here, however, the com- 
mercial difficulties are likely to prove greater than 
the technical, since the only suitable fluid for the 
high temperature section appears to be mercury ; 
whilst water, costing nothing and available in 
unlimited quantities, forms the auxiliary fluid for 
the binary internal combustion engine. 

It is probably mainly this commercial question 
which has led Mr. Weir and other engineers to 
consider the alternative of keeping to the one 
working fluid but using a number of boilers in 
series. By operating the first of the set at a very 
high pressure the discrepancy between the furnace 
temperature and the steam temperature is reduced, 
and the flue gases leave this boiler at such a 
temperature that they can be effectively utilised 
in the low temperature section. 

Mr. Weir is, it will be seen, moderate in his 
estimate of the limits of pressure and temperature 
now practicable. Some other engineers are less 
conservative, and in our issue of June 22 last, 
page 777, we described the highly interesting plans 
of the Benson Engineering Company, Limited, for a 
boiler generating steam at the critical point of 
water, at which the temperature is 374 deg. C. and 
the pressure nearly 3,200 lb. per square inch. Here, 
again, there will be a substantial reduction in the 
temperature difference between the furnace and the 
working agent, though part of this gain is, for 
practical reasons, to be discarded in a subsequent 
wire drawing of the steam into a superheater. 

Since so many engineers are working in this 
direction of higher steam pressures and tempera- 
tures, it is unlikely that any promising suggestion 
has been overlooked and hence no very revolu- 
tionary advance is to be expected; but we may 
hope for a steady and continuous improvement in 
thermal efficiencies as each successive step is made 
good. The work involves necessarily a certain 
transcending of experience, and no doubt at times 
blind alleys will be entered and will have to be 
subsequently abandoned. 





REWARD OF SCIENTIFIC 
DISCOVERY. 


A proposaL has been mooted that scientific men 
who have made discoveries which lead to new indus- 
trial applications shall for their lifetime and 50 years 
afterwards be regarded as the proprietors of such 
discoveries, and entitled to a royalty on all applica- 
tions that may be made of them. Such a proposal 
is so far outside the custom of any civilised country 
that the natural instinct of any practical person to 
whom it is submitted is to leave it alone until it has 
assumed some concrete form, and is put forward 
seriously by some responsible authority. It appears, 
however, that this is already the position in which 
the proposal finds itself. A Committee of the 
League of Nations, including of course our own, has 
adopted a report by Senator Ruffini, prepared with 
the assistance of the Professor of Law in the North 
Western University of Chicago and various legal 
and other experts, in which this proposal is 
definitely made with a long and elaborate argu- 
ment in its support, and a draft convention has been 
prepared and circulated with the report to the Coun- 
cil of the League, its members, and the delegates to 
the Assembly now sitting, If adopted, the conven- 
tion, or anything to a similar effect, would un- 
doubtedly have a profound influence on industries, 
such as the engineering trades, of which the business 
is to embody scientific knowledge in industrial 
applications; and it may therefore not be premature 
to consider the grounds on which so revolutionary 
a change is proposed, and the way in which its adop- 
tion would affect industrial and scientific work. 

The general purpose of the Committee has been 
to consider the possibility of extending to scientific 
work the rights that are enjoyed by authors, 
artists and industrial inventors under the laws of 
all civilised States and all international conven- 
tions. Two main considerations have led the 
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Committee to take this course. The one is that 
its enquiries have shown that as the result of the 
war there is in all countries a general shortage of 
recruits of a high standard to the service of pure 
scientific research, a shortage that ‘‘ will, without 
doubt, become acute as soon as the present genera- 
tion of eminent men of science has passed away.” 
As a measure, therefore, of immediate expediency 
the Committee is convinced that to offer men of 
science the prospect of the emoluments that would 
flow from the suggested provisions would be a 
valuable attraction to the right sort of men to devote 
themselves to scientific work. In the Committee’s 
view, however, such measures are demanded no 
less forcibly on more permanent grounds, for the 
present position of laws relating to scientific work 
and inventions seems to it to constitute ‘a flagrant 
and intolerable injustice.” 

The exact scope of the contemplated measures 
can be best indicated by referring to the draft 
convention. What it proposes is to form a Union 
of States for protecting “the rights of authors to 
their scientific discoveries or inventions,” analogous 
to the unions by which the rights of authors and 
artists and those of industrial inventors are at 
present assured. The discoveries and inventions 
to be so protected are, however, limited to those 
that, by reason of their specifically scientific char- 
acter, are at present outside the protection granted 
to works of industry, art and literature. The rights 
in question are to be in force for the lifetime of the 
author and 50 years after his death; but what 
exactly they are is not clearly defined. Subject to 
the provision that authors may not put obstacles 
in the way of the industrial or commercial exploita- 
tion of the new applications of their inventions or 
discoveries, the rights are at all events to include 
an interest in the “economic advantages of such 
exploitations,” to be embodied in a royalty on a 
scale agreed between the parties or fixed by the 
tribunal. This right, however, is to extend only to 
discoveries or inventions from which new industrial 
or commercial applications are made, and not to those 
that only throw light on a process already applied 
in industry or commerce. Thus, for example, under 
this system no one after the time of Prometheus 
could have obtained such protection for a discovery 
explaining the mechanism of combustion, nor could 
Newton for the law of gravity; but Mme. and M. 
Curie could have done so for the discovery of radium, 
and Hertz for his rays. 

Author’s rights appear also to include the choice 
of licensees, subject to public needs being sufticiently 
supplied, and subject also to any special conditions 
imposed by individual States in respect of dis- 
coveries or inventions that they may regard as 
“necessary to the public interest.” Therapeutical 
discoveries or inventions, which for instance in 
France and Italy may not be protected, are to have 
the benefit of the convention. To establish a claim 
to these rights authors must prove publication in 
technical reviews, or in transactions of congresses or 
academies, or by other sufficient means. They may 
also establish a claim to priority by lodging a sealed 
envelope of approved type with the International 
Bureau at Berne, though apparently this would not 
be good as against express publication by another 
discoverer or inventor. It is further expressly 
provided that an author may obtain recognition of 
his rights by obtaining a patent for a principle, to 
be granted on the same conditions as are inter- 
nationally in force for other patents, but to extend 
for the full period of ‘‘ author’s rights.” On the 
expiration, moreover, from any cause whatsoever, 
of any sort of patent of which the object is to apply 
a scientific discovery or invention the author of the 
invention and the holder of the patent shall continue 
to possess author's rights as previously defined. 

It would not be fair to comment on the terms of 
this remarkable proposal without indicating the 
lines on which it is sought to justify the indictment 
of the present system. They consist, partly in 
the assertion that every man has a natural right to 
property in the results of his own intellectual work, 
and partly in the suggestion that such right in a 
scientific man can be no less and no less permanent 
than the right that has already been acknowledged 
in authors and artists. Many examples are quoted 
in illustration of the injustice to which the present 
position subjects scientific men; a typical one is 


that the writer of a text book enjoys copyright in 
his work, while the authors of discoveries that it 
describes have none. It is no less desirable to 
record the evident sincerity and enthusiasm with 
which the authors of the report plead the cause they 
are advocating, and the great pains with which they 
have examined the question from the historical, 
ethical and legal points of view, and collected the 
often conflicting opinions of those who have dis- 
cussed it before them. It is the more necessary thus 
to recognise the lofty tone of the report and the 
industrious care with which it has been prepared, 
because ‘conditions precedent to the examination 
of the considerations produced in support of the 
proposals appear to conclude the matter finally, 
and it would therefore serve no useful purpose to 
follow the authors into the copious details by which 
they seek to justify both their statement of the 
problem and the solution they propose. 

The proposals are said to bé put forward with the 
support of representative bodies of scientific men: 
Whatever may be the authority of these bodies to 
speak in the name of men of science, it may be ques- 
tioned whether those who have prepared this report 
are in a position to assess it at first hand. A writer 
who, for example, finds it inconceivable that Lord 
Kelvin should have applied for a patent, or one who 
is under the impression that the purpose of Besse- 
mer’s invention was to remove sulphur from steel, 
cannot well be said to be familiar at first hand with 
either the history of invention or even the tech- 
nology of industry. As a fact, however, no claim to 
the rights asserted in the report and proposed to 
be implemented in the draft convention appears to 
have been made by scientific men of the standing of 
those whom the measures in question are intended 
to benefit. On the contrary, those scientific men of 
the first order who have published their views on 
the matter have denounced the connection between 
commerce and scientific discovery, however sug- 
gested; and many of them, like Pasteur, have 
adhered to their objection even when their dis- 
coveries could have been embodied in patentable 
inventions. 

Nor, indeed, can the claim, by whomever made, 
be supported on the analogy of author’s and artist’s 
rights. An author would be sorry indeed to imagine 
that his service to his reader is completed by the 
mere purchase of his book, but nevertheless that is 
the only transaction out of which he claims profit. 
His claim is for what he himself does for other 
people, and not for what they by their own intellectual 
work may do in virtue of what they have learned 
from him. The claim that the report puts forward 
for scientific men is, on the contrary, for what other 
people’s intellectual work can do when once they 
have the benefit of the scientific man’s discovery ; 
for so soon and to such extent as the scientific man 
shows how the result can be obtained without other 
people’s intellectual work he can under the existing 
law himself obtain the protection of an ordinary 
patent. Still less can the case be supported by the 
analogy of the rights granted to the industrial 
inventor. He is limited quite expressly to what he 
shows how to do, and proof that another man com- 
petent in the art cannot do it without intellectual 
work of his own is sufficient to avoid the patent. 
Incidentally it may be remarked that the limit of 
the industrial inventor’s protection in any country 
is probably well under one fourth of the term now 
claimed for the scientific man. 

It is fortunate that the abstract rights thus claimed 
turn out to be unsupported by these analogies, for 
when the claims are regarded from the point of view 
of public policy they are seen to be, so to speak, 
ideally impracticable. The complexities and un- 
certainty of the industrial patent law are notorious. 
Only the other day the President of the Institution 
of Mechanical Engineers, who in his long career has 
himself been the patentee of over 100 inventions, 
expressed the considered opinion that industry 
would be better off without any patents at all. Yet 
as it stands the patent law in this and all other 
countries is clear in repudiating the right to patent 
a principle, and thus avoids a greater source of 
confusion and overlapping than any that can arise 
out of the conflict of patents for actual applications. 
To add to the industrial monopolies within which 
manufacturers have to work the far-reaching and 
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if laws of nature could be patented, or even prin- 
ciples, would be to multiply manifold the complexity 
of what on all hands and in every country is admitted 
to be too complex and uncertain a set of laws as itis. 

It is not in this way that men of science will be 
attracted to industrial or pure scientific research, 
nor that the present increasing disposition of industry 
to co-operate with science will be increased or even 
maintained. The first consideration mentioned in 
the report, that recruits of the best class are fewer 
in the service of scientific research than is the need 
for them, may be true. In some branches of science, 
though apparently not in all, it has been so found in 
this country. Whether they are or are not, it is 
clear that they will in the future be too few if enough 
inducement is not offered to attract them. But 
it is certainly not by inviting men with a vocation 
for scientific research to find their reward in a direct 
share of the results of commercial exploitation that 
the right men will be attracted. The provision of 
adequate remuneration and honourable position is 
the obvious way to secure the scientific worker 
from being distracted to commercial interests, and 
to leave him free to follow his vocation to the 
best advantage. If he wishes to combine his 
scientific work with practical applications, he can 
under the existing law make his applications for 
himself, and so receive protection for them. To 
encourage him to hope to make the best of both 
worlds, and to share in the profits of applications 
that he has not shown how to make because they 
are based on principles that he has discovered, 
would be to divert him from his true work, and in 
the long run to degrade its value to himself and to 
society. From the point of view of industry it 
would plunge its relations with science into hopeless 
confusion, and in this country it will be resisted 
with equal vigour by scientific, medical and indus- 
trial opinion, 





RECENT DEVELOPMENTS IN NAVAL 
ARCHITECTURE. 


ProGREss in the application of science to the 
pursuits of man can only be measured by the 
comparison of the work of the established autho- 
rities at definite periods. In any attempt of this 
kind, the times selected for consideration may be 
separated so far as to give evidence of the complete 
revolution in practice or taken so close to one another 
as to make possible the measurement of the effect 
of one particular influence. To take an example, 
comparison may be made of the construction of 
vessels used in the greatest and most decisive naval 
actions in which men of our race have engaged, 
namely, Trafalgar and Jutland. In the intervening 
period of more than a century, the whole attitude 
towards naval warfare had changed because the 
resources in materials, motive power and arma- 
ments had undergone so many and such radical 
improvements. In all that time the means adopted 
in naval construction had remained untested in 
an actual engagement and it was quite impossible 
to judge, with any approach to exactitude, to what 
extent the many alterations would prove effective 
in actual war. In comparison with those of other 
Powers, superiority of design could be claimed for 
our war vessels, for we had persistently maintained 
the lead throughout the whole period under review. 
Confidence in the capacity of our naval authorities 
to take advantage of every available improvement 
was characteristic of our people, and reliance on 
the resource of our naval officers in dealing effec- 
tively with any method of attack intended to be 
a surprise, was never lacking at any time in our 
history. Under those conditions, we were prepared 
to accept whatever challenge might be made of 
our rights, and the records of the European War 
give evidence that the beliefs were more than 
justified. In actual war, we learnt the methods 
that appealed to our enemies as the possible means 
of accomplishing our defeat and devised methods 
of countering their activities. Modifications for 
use in future construction were immediately adopted 
with the intention of making successful attack a 
more difficult and exceedingly hazardous operation. 

It is for this reason that comparison of design 
and outlook during the four years of actual warfare 


Anniversary Lecture, on “ Recent Developments 
in Naval Architecture,” which he delivered to the 
Greenock Philosophical Society, on Friday last, 
made comparisons of the character we have referred 
to, and provided information on the work done 
in design and its test in service during the European 
War. As the advisability for change in construc- 
tion, materials and motive power was manifested, 
investigations of the possible improvements were 
made to determine their value and if satisfactory, 
they were introduced. The significance of this 
may be gauged from a recent estimate that during 
the last 50 years the amount of fuel required to 
transport 100 tons of cargo a mile by sea has been 
reduced from between 18 and 20 lb. of coal to 
something between 1} and 2 lb. of oil. Detailed 
investigation has shown that about one-half of 
this achievement has been made possible by im- 
provements in the ships and the remainder by those 
in the propulsive machinery. The Admiralty has 
made endeavours, Sir Eustace indicated, to secure 
an improved quality of steel for structural work and 
for protection. Recently, a steel was produced, 
which has a high elastic limit, and the use of which 
will make possible appreciable reductions in the 
weight of the structure of new ships. In this con- 
nection Messrs. Alfred Holt, of Liverpool, brought 
to the notice of the Admiralty, two years ago, the 
results of experiments made to improve the 
quality of ship steel. The difficulties of producing 
this steel to the Admiralty requirements were 
later overcome by -the steel makers with very 
satisfactory results. The importance of saving in 
weight has been much increased by the regu- 
lations of the Washington Treaty, which clearly 
defines the limits of weight for some of the 
different classes of ships. 

As the war developed the necessity for shallow 
draught monitors carrying heavy guns, for sloops 
and minesweepers, for patrol boats and for more 
powerful destroyers than we formerly possessed 
became imminent. The large monitors, which 
carried guns of 12-in., 14-in., and later 15-in. calibre, 
were the first ships built with the new form of bulge 
protection against underwater attack. This con- 
sisted of a wide extension built on the outboard side 
of the main hull and was divided by a vertical 
longitudinal bulkhead into two compartments, the 
inner one containing water and the outer one being 
air-filled and watertight. Similar bulges were 
added to existing ships, the first of which were the 
old cruisers of the Edgar class. Neither these nor 
the monitors were torpedoed until late in the war, 
and the results then showed that the German 
torpedoes were unable to give a fatal blow to a 
ship with this form of protection. In one case of a 
monitor, the Terror, hits from three torpedoes were 
recorded within a few minutes, but the vessel still 
survived without any loss of life. This effective 
protection, introduced by Sir Eustace himself, is 
now a feature of all warships of the larger size. 
Aircraft carriers, a type of vessel which did not exist 
before the war, were largely developed as the 
experience showed that landing and flying off the 
decks in moderate weather was a matter of com- 
parative ease. The further development of this type 
of craft has required very careful consideration in 
view of the requirements of the Washington Treaty, 
and the fact that the probable sphere of operations 
for the British Fleet may, in the future, be a much 
wider one than was the prevailing view betore the 
Great War. 

The Battle of the Falkland Islands clearly demon- 
strated the value of the faster battle cruisers, 
advocated by Lord Fisher, and immediately after 
that engagement designs were put in hand for the 
Renown and Repulse, which were completed in the 
early autumn of 1916, or about twenty months 
after their commencement. The Hood was perhaps 
the most interesting development in naval archi- 
tecture. Its design was undertaken to embody the 
latest ideas in underwater protection and the 
experience at the Battle of Jutland, which showed 
the value of the high-speed of the battle cruiser type 
combined with the armour and protection of the 
battleship. It was of interest to note that this was 
the first capital ship on which small tube boilers 
and geared turbines were installed. The saving in 
weight effected was seen when comparison was made 
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with the Renown and Repulse, which had large tube 


boilers and direct-driven turbines of 112,000 shaft 
horse-power. Their whole machinery weighed more 
and occupied a larger space than that of the Hood 
which had 30 per cent. greater power. The designers 
work to-day is made doubly difficult by the 
additional protection shown to be necessary in the 
Great War against the new means of attack, and 
also by the restrictions imposed by the Washington 
Treaty. A great deal has been written on sub- 
marine development during the war, but it was 
clearly shown towards the closing phases that with 
the improved anti-submarine methods adopted, the 
submarine was the most vulnerable of all types of 
ships, and those of the enemy were destroyed at a 
greater rate than they could be built by the con- 
centration of all the shipbuilding activities of 
Germany on their construction. It was also of 
interest to note that no modern capital ship was 
sunk by submarine attack. Sir Eustace thought it 
necessary to emphasise this point in view of the 
frequent statements that the submarine had made 
the capital ship obsolete. 





THE RAILWAYS OF THE UNITED 


STATES IN 1922. 

THE outstanding event affecting the traffic of the 
railways of the United States, in 1922, was the 
closing of the anthracite mines for a long period. 
There was also the strike of railway shopmen which 
disorganised operation for a time so that it is not 
suprising to find in the statistics for the year a heavy 
loss of traffic in certain months. The position was 
further affected by the general depression which had 
not then been passed, but on the whole the com- 
panies, in spite of difficulties, later made a remark- 
ably good recovery. The freight situation is reflected 
in the figures of car shortages and surpluses. All 
through 1921 there were large surpluses, which 
reached a peak figure in January, 1922, of 493,357 
idle vehicles. This diminished to 216,661 in March, 
but the labour troubles resulted in a prompt rise 
to 371,764 in April. Subsequently things improved 
somewhat, and this figure was reduced to 153,880 
idle cars in August, to be converted into a shortage 
of 93,349 vehicles in the following month, after 
which a busy period set in. The state of affairs 
gradually improved, so that the records for car 
loadings for 1923 surpass by a long way those in 
any preceding year, for 38 weeks ending November 
24, the figure averaging over one million a week. 

The companies have had a very uphill fight. 
Expenses have been high, wage increases have been 
insisted upon by the Railway Labour Board, and 
at the same time rate reductions have been ordered. 
by the Interstate Commerce Commission. They 
had still to make up leeway in the matter of repairs 
and renewals, and yet the situation was pulled 
round, so that all things considered the year could be 
regarded with some degree of satisfaction. Basing 
our review of the position on the summary issued 
by the Bureau of Railway News and Statistics, 
Chicago, IIl., and which, edited by Mr. Slason 
Thompson, covers most of the mileage in the United 
States, we find the total revenue from operation in 
1922 to have been 5,673 million dollars, a decrease 
of about 600 million dollars on the preceding year. 
This was partly accounted for by the rate reductions 
ordered. The average receipts per ton-mile in 1922 
fell to 1-185 cents compared with 1-289 in 1921, 
this apparently small reduction being responsible 
for a decrease of no less than 350 million dollars in 
receipts. The ton-mileage for the year certainly 
showed an improvement on 1921, owing to the 
recovery of the later months, but only amounted 
to 341,018 million compared with 411,151 million 
ton-miles of 1920. Owing to the anthracite mines 
dispute coal traffic showed a decrease of something 
like 200 million tons in 1922 compared with 1921, 
a drop of about 25 per cent. 

The lines reporting to the Bureau, aggregating 
a mileage of 249,231, showed net capitalisation of 
19,125,692,886 dols. No new capital was raised 
in 1921, but in 1922 about 28 million dollars were 
invested. It was hoped that this would presage 
better things, but we understand the promise has 
not been sustained in 1923. As regards mileage in 
operation this again showed a decrease for the year. 
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as unprofitable since 1921, and on these on 221 miles 
the track has been taken up. This figure makes the 
total of abandoned mileage for the last six years up 
to 6,324. On the other hand, the total track 
mileage showed for the year an increase of 1,300 
miles, due to the roads pursuing a policy of terminal 
development. This is shown by figures for yard 
track mileage which has increased by about 1,556 in 
the year, while double tracking has been laid to 
an additional extent of 235 miles. The output 
of new rolling-stock was again far below normal, the 
number of new engines put on the roads being only 
1,303 against the figure of 3,000 which it is con- 
sidered are required to keep replacements up to a 
sound level. Similarly the freight cars built 
numbered only 66,747 against the required 100,000, 
while passenger car records showed only 747 new 
vehicles instead of about 2,000. On the whole, 
however, the past four years have shown more 
locomotives built than retired from service, though 
in the matter of freight cars the preponderance is 
considerable in the other sense. For July last 
it is reported that of the locomotives of the Class 1 
roads 16-9 per cent. were out of service awaiting 
heavy repairs and 1-7 per cent. awaiting light 
repairs. Of freight cars at the same date 8+3 per 
cent. were awaiting repairs. The change brought 
about since January, 1922, is indicated by the 
difference between these later figures and those for 
the earlier date, when 23-8 per cent. of the loco- 
motives and 13-7 per cent. of the cars were awaiting 
repairs. The improvement has not, however, 
reached the standard set which is 85 per cent. of 
the locomotives and 95 per cent. of the cars owned, 
in service. 

As indicative of the greatly improved position 
which has developed since 1922, it may be men- 
tioned that for the ten months ending with 
October 31, 1923, according to the American Rail- 
way Association Reports, no less than 3,371 new 
locomotives had been placed in service, and 
155,872 new freight cars, the former figure not 
having been exceeded since 1916, and the latter 
since 1913, and both being well above the estimated 
normal replacements previously quoted. 

In closing this brief review of the year reference 
may be made to two points raised by Mr. Slason 
Thompson. In the first place, after discussing the 
decisions made by the Labour Board regarding 
wages, &c., the suggestion is made that something 
on the lines of the sliding scale arrangement adopted 
here would be of value in the United States and tend 
to more stable conditions. The second matter is 
Mr. Thompson’s reference to our new statistics, 
which it is said have been expanded “to the point 
where such an essential unit as the passenger-mile 
receipts has been lost in the jungle of man-hours, 
engine-hours, car-hours, &c.”’ In our recent re- 
forms we are supposed to have been following 
the lead of the United States, but it would appear 
that in their opinion, in our enthusiasm for the new 
order of things, we have rather overdone it. 








NOTES. 
NAVAL CONSTRUCTION AND UNEMPLOYMENT. 


ELSEWHERE in this issue we refer to the acute 
depression suffered by the shipbuilding industry in 
1923, ard on page 57 anie we have given reasons 
for hoping that some improvement may be effected 
in the not far distant future. Another factor 
which may favourably affect the situation, as far 
as this country is concerned, was referred to in Par- 
liament on Monday, when the Rt. Hon. L. C. M.S. 
Amery, First Lord of the Admiralty under the late 
Government, outlined the special programme of 
naval construction work put forward for the purpose 
of relieving unemployment in the great shipbuilding 
centres. Mr. Amery stated that the whole of 
our present light cruisers would become obsolete 
in the conrse of the next twelve years, and to replace 
them before that period had expired it would be 
necessary to lay down new cruisers at an average 
rate of five per annum. He explained, however, 
that there would be a particularly heavy reduction 
in the number of efficient cruisers available in the 
next six years, and that to avoid a serious deficiency 
in this class of vessel in 1929 and afterwards, the 
average rate of replacement should be increased as 





mentioned average number in the next three years. 
Other reasons for augmenting the immediate build- 
ing programme were that, in 1927-28 and subse- 
quent years, considerable replacements of destroyers 
would be necessary, while from 1931 onwards, 
under the terms of the Washington Treaty, heavy 
expenditure would have to be incurred in the replace- 
ment of capital ships. By proceeding more rapidly 
with the light-cruiser programme, a more even 
distribution of the work would be secured and the 
immediate needs of the employment situation would 
be met more effectively. The proposal was there- 
fore to lay down immediately eight light cruisers 
of the Washington-Treaty type, each of 10,000 tons 
displacement, and armed with 8-in. guns. Three 
of these ships would be constructed in the Royal 
Dockyards and the remainder put out to tender. 
In addition, the special programme for the year 
would include three submarines and a submarine 
depot ship, two destroyers and a destroyer depot 
ship, two gunboats, an aircraft carrier, and a mine- 
laying vessel. The construction of these vessels, 
all of which are urgently needed, would give direct 
employment to about 32,000 men and would involve 
an addition of 5,000,000/ to the Navy Estimates 
for the coming year. The programme will, of course, 
have to be considered by the new Government, 
but, in view of the pressing needs of the shipbuilding 
industry, it is hardly likely to be rejected or very 
greatly modified. 


THE Ramsay LABORATORY OF CHEMICAL 
ENGINEERING. 


The Ramsay Memorial Laboratory of Chemical 
Engineering, a new department of University 
College, London, was inaugurated on Thursday, 
January 17, by a lecture on “‘ The Aims and Future 
Work of the Ramsay Memorial Laboratory of 
Chemical Engineering.” Sir Robert Robertson, 
F.R.S., presided over the proceedings as chairman of 
the Ramsay Memorial Committee, in succession to 
the late Lord Moulton, and Mr. E. C. Williams, 
M.Se., F.I.C., the Ramsay Professor of Chemical 
Engineering, was the lecturer. Sir William Ramsay 
—he stated—died on July 23, 1916, soon after the 
new chemistry buildings of University College, which 
we described in our issue of April 7, 1916, had been 
opened. Those buildings practically constituted a 
new chemical institute. The foundation of the 
Laboratory of Chemical Engineering is, for this 
country, a novel departure, an experimental ven- 
ture, as Professor Williams admitted, on which they 
had not embarked without mature consideration. 
Half of the Ramsay Memorial Fund available, 
thanks largely to the donations from manufacturers 
and industrial undertakings, had, Sir Robert Robert- 
son remarked in opening the proceedings, been 
allocated to scholarships. The other half, some 
26,0001., had been devoted to the foundation of a 
laboratory which, they hoped, would benefit the 
benefactors and would demonstrate how to graft 
the methods of the engineer on the properly-trained 
chemist. Their new professor, Mr. Williams, a 
graduate of Manchester, had had many years’ 
experience in dye-works and in the National Benzole 
Association, founded 1918; their students would, 
for the first five years, at any rate, be post-graduates 
of proved capability. Professor Williams, who 
delivered an address, defined the chemical engineer 
as a scientific man whose duty it is to plan the large- 
scale commercial operation of chemical processes 
and to design and operate the plant required for the 
carrying out of the chemical reactions and physical 
changes involved. The definition goes further than 
that of the Institute of Chemical Engineering, 
further perhaps also than what Professor F. G. 
Donnan, of University College, had meant when he 
had stated in 1917, during the discussion on the 
work and training of the chemical engineer by the 
Faraday Society, that the work of the engineer- 
chemist was essentially applied physical chemistry. 
The study of chemical engineering, Mr. Williams 
pointed out, opened a new field to the pure 
engineer. Most advances in chemical plant were 
due toengineers. Unfortunately, the engineer called 
upon to design chemical plant was frequently 
given scanty information, and to avoid this, they 
were anxious to procure for their students as much 








opportunity as possible for practical work in 








factories. Work has been started, in the new 
buildings adjoining the Chemical Institute ip 
Gower-place, under Professor Williams and Mr, 
Burrows Moore, M.Sc., with five students. We 
heartily join in the wishes of success to the Ramsay 
Laboratory to which Sir Robert Robertson and 
Sir T. Gregory Foster, Principal of University 
College, gave expression at the inaugural meeting. 


AERONAUTICAL RESEARCH. 


An alteration to the existing arrangements for the 
control of aeronautical research, which was an- 
nounced by the Air Ministry on the 18th inst., may 
have a very far-reaching effect upon the development 
of military and civil aviation in this country. It 
will be remembered that, until now, the direction 
of scientific research on all aeronautical matters, as 
well as the application of the results of research and 
experience to the technical development of aircraft 
and aircraft accessories, has been in the hands of the 
Director of Research, under the Air Member for 
Supply and Research of the Air Council. The 
announcement referred to was to the effect that the 
rapid development of aeronautical science and the 
increased requirements of the Royal Air Force have 
rendered necessary the division of the responsi- 
bilities of the Director of Research, so that, from 
April next, scientific research and technical develop- 
ment will be allocated to a Director of Scientific 
Research and a Director of Technical Development 
respectively ; both directors will serve under the 
Air Member for Supply and Research. Appoint- 
ments to the new directorates have not yet been 
made, but we understand that the Director of 
Scientific Research will be a civilian of high scientific 
attainments and with experience in aeronautical 
research, while the Director of Technical Develop- 
ment will be an Air-Force officer of senior rank. 
In general, we think the change should be an im- 
provement, since it is hardly likely that the mental 
qualities required for the two distinct classes of work 
would be developed to the highest possible extent 
in a single individual. Moreover, the probable 
expansion of the Air Force and the future develop- 
ment of civil aviation will be such that the necessary 
research and development work would be beyond 
the capacity of one man. It is, however, obviously 
essential for the closest co-operation to be main- 
tained between the two directorates since the border 
line between pure and applied research is both 
narrow and ill-defined, and unless such co-operation 
is adequately provided for both service and civil 
aviation will suffer. Much also depends upon the 
selection of suitable men for the two posts, as their 
joint influence on progress will be very material. 
As far as we are aware, no change in the organisation 
of existing research establishments is contemplated, 
but, presumably, if any changes are considered to 
be necessary by the new directors their views would 
be communicated to the Air Council by the Air 
Member for Supply and Research and carefully 
considered by that body. Some time must, of 
course, elapse before the results of the change can 
be apparent, but the object in view, viz., to give 
scientific research free scope for development, is 
one with which we are in complete sympathy. 


THE Work oF Sir JAMES Dewar. 


It was appropriate that the first evening discourse 
of the Royal Institution session, which the late 
Sir James Dewar had for so many years opened as 
Fullerian Professor of Chemistry (1877 to 1923), 
should last Friday have been devoted to an in 
memoriam lecture on “The Scientific Work of 
Professor Sir James Dewar.” The task was en- 
trusted, not to his successor in that chair, Sir 
William Bragg, but to Professor Henry E. 
Armstrong, F.R.S. Professor Armstrong did not 
limit himself to the scientific work, and he did not 
consider that an in memoriam lecturer should discard 
criticism. He spoke of the moral grandeur of the 
man, who was only known probably, and incom- 
pletely, to one person, his wife, and who, ever 
chivalrous to women, could be irascible—‘ a sign 
of inward force ’’—and had been called cantan- 
kerous. Weakened by illness in his tenth year, 
Professor Armstrong said, Dewar took up joinery 
and made fiddles. At Edinburgh University he 
found sympathetic teachers in Lindsay, Forbes, 
Playfair and Crum Brown; the dour respectability 
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of Cambridge, where experimental skill was not 
appreciated, disappointed him, but he completed his 
education by meeting his collaborator in spectro- 
scopic work there, Professor Livein—now 97 years 
old and still hale. At the Royal Institution Dewar 
found himself free from red-tape obligations and 
control, in a Bohemian atmosphere—Faraday was a 
Bohemian to Professor Armstrong—full of the 
ghosts of scientific heroes and with an appreciative 
audience. The object of Dewar’s “ hyper-arctic 
explorations,” so full of danger often, which made 
the Royal Institution the focus-point of scientific 
advance, was not only to liquefy gases. He was 
not the mere artificer, but the philosopher seeking 
to penetrate into the far-distant region of the 
absolute zero of temperature. In the course of those 
researches, he discovered the vacuum flask in 1893 ; 
made in 1905 the still more important discovery of 
the high absorptive power of charcoal ; showed that, 
at the temperature of liquid hydrogen, the curve 
of the atomic heats of the elements differed entirely 
from that at ordinary temperature and became 
strikingly similar to that of Lothar Meyer’s atomic 
volume curve; devised extraordinarily-delicate 
means of studying heat radiation at very low 
temperature ; and showed by his soap-film studies 
how well beauty and science harmonise. Dr. 
Armstrong stated that he did not regard charcoal 
and graphite as pure carbon; they were probably 
hydrogen compounds, and if the X-ray analyses of 
Bragg and others indicated that the fourth carbon 
atom of the graphite crystal was farther away from 
the centre than the three others, that fourth corner 
was probably occupied by a hydrogen compound. We 
mention a few of Sir James experiments which Dr. 
Armstrong repeated to exemplify their ingenuity, 
simplicity and directness. An electric discharge tube 
was combined with a Crookes radiometer and a 
charcoal tube ; as the gas in the tube was absorbed 
by the charcoal, the discharge ceased, but the 
unabsorbed helium still kept the radiometer 
spinning. When two flasks, the one containing 
bromine vapour, the other chlorine gas, were cooled 
by pouring liquid air on them, the vapour solidified 
much more quickly than the gas. A vertical jet 
of air, sucked through a cylinder enclosing the 
metal electrodes of an electric arc into the vacuum 
of a high cylinder of glass, became visible as a 
thin beam of faint light. Various solids, horn, 
a stearin candle, &c., became fluorescent after 
having been dipped into liquid air and then exposed 
to the lantern beam ; but of two test tubes, the one 
containing distilled water, the other tap water, only 
the former fluoresced ; the water froze, of course. 
Professor Armstrong had found that this was in 
accordance with an observation of Faraday’s of 
1843, that water free of electrolytes could not be 
electrified. 
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Modern Mechanical Engineering: A Practical Treatise 
written by Specialists. Edited by Professor A. H. 
Gipson, D.Sc., M.Inst.C.E., and Atan E. L. Cooriton, 
C.B.E., M.Inst.C.E. In six volumes. London: The 
be pe Publishing Company, Limited. [Price 84s. 
net. 
THERE are two distinct types of encyclopedic works. 
In the first class are those books in which an attempt 
is made to give some information on every subject. 
Of necessity such works cannot provide specialistic 
knowledge, because the space available for the 
treatment of any single subject is but small, unless 
the work is so greatly expanded that a number of 
years must elapse between the preparation of the 
first and last volumes and, in consequence, some of 
the matter is out of date before the production is 
completed. Unfortunately, these conditions affect 
most adversely the treatment of subjects of a scien- 
tific and technical nature in which progress is made 
with great rapidity. In consequence, encyclopedias 
are most unsatisfactory in the very subjects on which 
great numbers of their readers seek for information, 
namely, those matters connected with scientific 
progress which cause immediate changes in the 
ordinary life of the people. To procure satisfying 
information on such matters well written books on 
the individual subjects, which are kept up to date 
by frequent revisions and additions, must be con- 
sulted, as they are the only reliable resources. The 





second class of encyclopedic works are of essentially 
different characteristics, for they are designed to 
provide information of a specialistic nature on one 
branch of knowledge only, and for the use of a definite 
class of reader. These wherever the provision of 
articles of a textbook character only is attempted, 
have little value, for excellent and cheap textbooks 
abound. 

These six volumes on Modern Mechanical En- 
gineering were edited by men of such varied training 
and experience as Professor A. H. Gibson and Mr. 
Alan E. L. Chorlton. In the preface they state 
that “the principle of selection has been that of 
keeping the practical requirements of engineers as 
much as possible to the fore, leaving aside current 
speculations as to possible new sources of energy, 
new prime movers and so on.” In view both of this 
statement and the indication of outlook shown in 
the best articles in the work, we suggest that the 
inclusion of subjects which are studied for examina- 
tion purposes at the various technical schools 
cannot be justified. In view of their inclusion it is 
difficult to determine exactly the class of reader for 
whom the volumes were prepared. It is impossible 
to discover how it can be considered that the volumes 
are improved in any way by the inclusion of cramped 
but cleverly written articles on Applied Mechanics, 
Elasticity and Strength of Materials, and Mec- 
hanism, by Professor J. J. Guest, and The Theory 
of Hydraulics, by Professor A. H. Gibson, when 
every engineer has at his disposal excellent and 
extended treatises on these subjects. Whether it is 
thought advisable or not that such matter should 
form a part of a work such as this, there can be no 
excuse for the inclusion of. the excessive amount of 
quite ordinary elementary book work that charac- 
terises the treatment of ‘‘ Applied: Heat.’’ The 
standard of preliminary knowledge assumed in this 
article seems to go down to far too low a level.- The 
quality of the work in this section cannot be re- 
garded as of the same standard as that of the other 
theoretical subjects, and yet, for no apparent reason, 
it has been accorded preferential treatment. : 

In the first volume there are three articles of 
great interest in which Mr. Joseph Horner deals 
with Pattern Making, Foundry Work, and The 
Machine Shop. These are all thoroughly well done, 
contain a great amount of useful information, and 
will appeal to anyone who is interested in engineering 
processes. To those who have not had the privilege 
of working in the pattern-making and moulding sides 
of the activities of an engineering works, no better 
exponent than Mr. Horner could be recommended. 
He possesses the faculty of facile and exact descrip- 
tion, which is regrettably rare among men of equally 
extended experience in the workshop arts. If the 
high standard thus set up were maintained through- 
out the six volumes, Modern Mechanical Engineering 
would have proved a most exceptional production. 
In his machine shop article Mr. Horner has wisely 
assumed the reader to possess some knowledge of 
the standard machine tools and has concerned 
himself mainly with recent developments. In 
doing this, illustrations of machines have been 
plentifully provided, but there are some among 
these of American origin, which might perhaps have 
been omitted and their places taken by similar 
machines of British manufacture'and of equal, if 
not superior, value in design, construction and 
efficiency. An article on Drawing Office Organisa- 
tion, by Mr. Geo. W. Thomson, gives an insight into 
the requirements necessary in the arrangement of an 
effective scheme for running a drawing office and for 
easy and satisfactory working between the various 
departments. In the provision of information 
on The Fitting and Erecting of Heavy Machinery, 
Mr. G. M. 8. Sichel, of the Metropolitan-Vickers 
Electrical Company, Limited, has taken as examples 
the component parts of a steam-turbine driven 
electric-power plant. The whole procedure is 
reviewed and advice is given on methods of tackling 
each item in the work. This subject is, of course, 
inexhaustible, for so much depends upon the 
resourcefulness of the man in charge and the men 
and tackle at his disposal. This article, however, 
adds greatly to the value of the book, and the same 
may be said of another by the same author on The 
Transport of Heavy Machinery. Here Mr. Sichel 
discusses the questions involved in the despatch 
of plant by road, rail and sea. The legal matters 








involved in exceptional use of the highways and 
the damage whicli may be caused by heavy transport 
are discussed prior to a consideration of the methods 
and costs of actual handling. Rail transport is a 
much more simple proposition than road haulage, 
but there are problems involved in dealing with 
heavy and bulky plant. Special wagons built for 
specific duties are described to show how resourceful 
designers have made possible the meeting of most 
exceptional and trying conditions. Loading and 
unloading constitute the main difficulties of an 
engineering nature in sea transport, but the service is 
complicated by the formal legal and business proce- 
dure in connection with the exportation and importa- 
tion of machinery. These matters are all reviewed in 
turn in this interesting article. In his article on 
‘* Testing and Properties of Materials,’’ Mr. Thomas 
H. Burnham first discusses methods of testing the 
resistance to tension, compression and bending, as 
well as hardness and the effects of impact and 
repetitive stresses. Photographic illustrations accom- 
pany the text and show the construction of the 
various types and sizes of machines. In the second 
part, the manufacture and the properties of the 
different materials used in engineering are described. 

‘‘Modern Pumping Machinery ’’ is dealt with by 
Messrs. Alan E. L. Chorlton and Owen A. Price. In 
this there are descriptions of representative pumps 
of different types for the many distinct fields of 
service. Mr. J. E. Ellor contributes the matter 
on “ Fans and: Air Compressors,’’ which is practically 
entirely of a theoretical nature. There are many 
purposes to which Hydraulic Machinery is put in 
industry, and Mr. Alfred Towler has given descrip- 
tions of representative types for particular work and 
has discussed their construction and working. 
Water Turbines, however, are treated as a separate 
subject by Professor A. H. Gibson. In this contri- 
bution the author uses constructional drawings of 
various types of plant to facilitate his description, 
and deals with some of the theoretical considerations 
finishing with a note on the selection of the most 
suitable type for any service. Refrigeration with 
the use of ammonia or carbon dioxide, in suitable 
compression systems, or absorbed, is discussed by 
Mr. G. W. Daniels. Insulation and the properties 
of the substances used for this purpose are also 
treated, and there is given a description of their 
actual use. The types of plant necessary for ice- 
making or cold storage are clearly indicated, and the 
storage temperatures for various materials are 
specified at the conclusion of the article. 

In Volume IV there are contributions on 
“‘Mechanism ”’ by Professor J. J. Guest, “Machine 
Drawing and Design’’ by Mr. Harold Davis, ‘ Rivets 
and Riveted Joints ’’ by Mr. A. 8. Lindsay, ‘* Applied 
Heat’ by Dr. W. B. Davidson and Mr. F. F. P. 
Bisacre, and on ‘‘Steam Boilers’’ by Mr. J. M. 
Dickson. Most of the matter in the first four articles 
is of the type that may be found, treated much 
more fully, in the standard textbooks written for use 
by students in technical classes. The boiler article 
is of a different character and contains information 
relating to the dimensions and weights of steam- 
generating plant for specified heating surfaces, as 
well as the leading features of design and construc- 
tion of the principal types and their characteristics. 
Superheaters, feed-water heaters, and oil firing are 
the subjects of separate chapters. In view of its 
importance, oil firing might perhaps have received 
more extended treatment and descriptions of systems 
of other makes than those included might have been 
given, as there is no doubt they will be looked for. The 
first article in Volume V is a useful one on Coal and 
Ash Handling Plant, by Mr. E. G. Weeks. From it'a 
very clear indication can be obtained of the arrange- 
ments used and many good illustrations are given 
of actual installations. Notes on combustion, the 
various types of fuels, the composition of flue gases, 
impurities in feed water, and many other related 
matters are collected together under the heading 
Engineering Chemistry. Corrosion is also reviewed 
in this section, which was written by Dr. W. Carrick 
Anderson. The article on The Reciprocating Steam 
Engine was contributed by Mr. W. H. Owen, and 
gives much information on questions relating to 
design of pistons, valves, and the other components 
of stationary, marine and high-speed engines. 
Messrs. R. J. Kaula and W. M. Selvey have brought 
together descriptions of the various types of Steam 
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Turbines and illustrated their remarks by the 


detailed examination of particular designs. Not 
only are high-pressure turbines dealt with, but 
special types receive consideration and those 
specifically designed for marine propulsion are 
considered in a separate chapter. Notes on the 
various types of Condensers and Cooling Towers are 
contributed by Mr. R. Royds, and many representa- 
tive types of air-pumps are also described in this 
section. There seems to be some amount of over- 
lapping of the article on The Operation of Land 
Power Plants, by Mr. John W. Jackson, with others, 
notably that on Coal and Ash Handling, with which 
it has two photographic illustrations in common. 

Volume VI is devoted entirely to internal com- 
bustion engines, and contains some very valuable 
work. The subject is divided up into sections, of 
which Mr. G. A. Burls provides three : Gas Engines, 
Aero Engines, and Gas Producers. In these much 
of the information that will be sought for by the 
reader is available, for not only are types of engines 
of various sizes, up to the largest in use, described, 
but details are criticised in separate chapters, and 
test results, dimensions, and weights receive con- 
sideration. Small-powered aero engines, such as 
those used in the tests late last year at Lympne, are 
not, however, referred to, as the article was evidently 
written before substantial progress with light 
aeroplanes had been demonstrated. Mr. James 
Richardson has provided a very commendable 
article on Oil Engines, in which the types suitable for 
marine propulsion, the greatest sphere of use, are 
dealt with at length. After a short introduction on 
interesting historical matters, the author has 
devoted the whole of his well-written article to 
modern developments. The construction of the 
component details in particular designs is reviewed 
where these are exceptional and make for efficiency in 
the operation of the engine. The equipment of Motor 
Cars is another sphere where the individual out- 
look of the designer is markedly shown, and Messrs. 
Montague Tombs and H. D. Teage have indicated in 
their article the measure of popularity of any 
particular type of construction for the components, 
by the percentage usage in the total number of 
available models. From the survey of the complete 
work it is evident that the standard of treatment 
and the preliminary knowledge which the authors 
assume the reader to possess do not show much 
consistency. In some of the articles the attitude of 
those interested mainly in design has been, perhaps, 
unduly emphasised and, consequently, the value of 
these to the general reader is somewhat restricted. 
It must be said, however, that the greater parts of 
the articles are excellent, and that the work as a 
whole is undoubtedly a commendable and useful 
production. 





Coal Var Distillation and Working Up of Tar Products, 
By Arruur R. Warnes, A.Inst.P., M.I.Chem.E., 
C.I.Mech.E., F.C.8. Third edition. rewritten and very 
greatly enlarged. London: Ernest Benn, Limited. 
1923. [Price 45s, net.] 

THe coal tar industry depends very materially 

on empirical science for its development, and its 

progress is hampered by this restriction. The pro- 
duction of gas tar, both in quantity and quality 
per ton of coal distilled, varies within considerable 
limits from causes which are not completely explained 
by chemical and thermal analysis. This fact is 
emphasised very clearly by Mr. Warnes, and would 
justify the appearance of his work. On opening 
this handsome volume and finding that the earlier 
editions had been considerably increased by the 
addition of chapters on the constitution and occur- 
rence ef coal, we felt that the author had needlessly 
delayed the entrance in*‘o his main topic, by intro- 
ducing irrelevant matter, for the reason given for 
supplying this new material, that students should 
have at least a general knowledge of the substance 
from which coal tar is derived, seems jejeune and 
unsatisfactory. A complete justification, however, 
is to be found in the desire to supply the works 
manager with all the information that will assist 
him in obtaining the best results from a variable 
raw material. Experiments on bituminous coals 
and on lignites under varying conditions of tem- 
perature and pressure are many, but the deductions 
are at present isolated in their character, and 
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suggests that the presence of unexpected catalysts 


the experiment is conducted. How far the original | stages of manufacture, as at the recovery of carbolic 
constitution of the coal explains abnormal or/and cresylic acids, and in the treatment of naphthas 
varying conclusions, and how far the treatment is|and benzoles. An examination of the description 
responsible for unexpected and irregular results are | and illustrations, both in these sections and in that 
problems that are not yet solved. The author|dealing with pyridine, shows that a_ sufficient 


number of typical instances has been adduced, 
may operate in the formation of substances that|and that the processes are adequately discussed. 
have been detected in coal tars, altering their} A feature of some interest is the occasional intro- 
character and giving rise to unforeseen reactions. | duction of appendices at the conclusion of some of 


All that it is safe to say at present is that our 
knowledge of the chemistry of coal and of the 
processes involved in its distillation, prevents any 
rigorous conclusions concerning the actual reactions 
which take place during the formation of coal tar, 
and that necessarily the opinions advanced are little 
more than working hypotheses. 


the chapters in which is provided information 
published too recently to be included in the text. 
Thus after the description of tar distillation, short 
notices are given of proposals to use a lead bath in 
carbonising coal, and the adoption of a process 
that it is asserted would yield a tar containing only 
30 per cent. of pitch and no benzole. A method 


whether resulting from high or low temperature 


and quality and a pitch of irregular market value. 


paraffin, or bodies of that nature. The tars from |i 


and to point out that by recognising definite limits 


wanting in clearness. 

Though his main object is to give to experts the 
benefit of his accumulated experience, he will 
occasionally go out of his way to drive home a 
useful lesson or to suggest new openings for industry. 
For instance, much has been written of late on the | © 
hydrogenation of coal, and it has been suggested 
that the able and omniscient German chemist had 
succeeded in perfecting a simple process, whereby 
coal could be made to yield petrol and other kinds 
of mineral oil, by submitting it to the action of 
hydrogen under high pressure. If this statement 
were justified, it is evident that by transmuting 
a large part of the British reserves into liquid fuel, 
this country would be secure against any risk of a 


position of a petrol producing country. The author’s 
suggestion, that the process of hydrogenation of 
coal should be applied to peet, lignite and brown 
coals, seems not unworthy of attention. But even | V 
if such a process were available on a commercial 
scale, its application to bituminous coals would 
prove of doubtful utility, since it would diminish 


toluene, naphthalene, phenols, &c. On the other 
hand, if the domestic coal were subject to a partial 
carbonisation, we should save many million gallons 


which now pollute our atmosphere, injure the health 


work. 
It is usual in comprehensive works of this 


the gas works, making due provision for the manifold 
processes carried on in connection therewith. We 
have always thought this a work of supererogation, 


of a high order. Mr. Warnes is no exception to the 
rule, he selects an ideal site and revels in the 
imaginary work of constructing a model gas works. 


crude material comes from the gasworks and devotes 
three chapters to thé description of plant. We 


exact description. 
advantage of expert criticism in previous editions, 


whatever might be amiss. 








applicable only to the particular sample on which 


of his subject he avoids prolixity, and is rarely | The Chemical Elements. 


of oil together with other valuable coal tar products, | ciseness. 
consecutiveness of view, the emphasis on salient 


of the public, and add to the disintegration of stone | points, do not strike us as being the best calculated 

to excite attention or to carry conviction. But we 
can easily imagine, that to others, who have 
character to be told how to construct and arrange | approached the problem by different roads, or have 
had their progress checked by difficulties, the 
method of the author will appeal and they will follow 
his presentation with profit. It is necessary, of 
so few of the readers of the book can ever be engaged | course, to bear in mind the exact purpose in view, 


on this preliminary work, and these would be experts | and therefore we give the author’s intention in his 
own words: “The aim of this book is to present 


in a simple and concise form certain characteristics 
of the chemical elements as studied from the point 
Having arranged these details, he shows how the|of view of their quantitative grouping and their 

structural binding—using the latter term in a wide 
sense—and to bring into prominence the significance 
have no intention of following the author in his| of ‘ space physics’ as applied to certain phenomena 
His work has enjoyed the | involved.” 


Much more work on the composition of tar} for the more economic use of fuel is also described, 
coupled with the study of pyrogenetic reactions is | and these instances may be mentioned as indicative 
needed before uniformly constituted coal tar, | of the care taken to quote from the latest researches, 


The chapter on tar works tests has also been 


processes, will be at the command of the manufac- | much extended, and many will find it convenient 
turer. The authors object is to show how satis-|to have the latest specification for Tar No. 1 and 
factory results, under existing conditions, can be | No. 2, issued by the Ministry of Transport, together 
obtained from materials that yield, in the several| with a summary of the particulars concerning the 
stages of treatment distillates of varying percentage | tar-treatment of roads (1923). The testing of coal- 
tar creosote has hitherto failed to give complete 
Cannel coal will produce a tar that on distillation | satisfaction, but the tests urged by the British 
yields products containing large quantities of} Engineering Standards Association for creosotes used 


n the preservation of timber are useful and prac- 


north country coal give on distillation some light] tical. Many other descriptive tests are given, as 
oils and much creosote, naphthalene and anthracene. | that for testing rectified pyridene bases. 
Midland coals occupy an intermediate place, pro-|on the determination of benzene, toluene, &c., in 
ducing a greater proportion of light oils and less|coal tar and the intermediate products of tar 
creosote. Temperatures exercise a greater influence | distillation, contributed by Messrs. Colman and 
than locality on the character of the output, but| Yeoman is of special interest. The whole of the 
there is no need to pursue the subject here, where | chapter on tarworks tests, with its appendices, 
the object is simply to show that the author has} constitutes not the least valuable portion of 
much varied and intricate material to deal with, | this highly instructive technical work. 


A paper 


By F. H. Lorine. London: 
Methuen and Co. [Price 8s. 6d. net.] 


Mr. F. H. Lorine is well known as a popular writer 
on the structure of the atom and the part it plays 
in the development of modern physics, proving 
himself a capable interpreter of the problems 


onnected with the structure of matter and the 


nature of radiation. The progress of physics in 
the last quarter of a century, since Becquerel laid 
the foundation of the science of radioactivity, has 
advanced at so rapid a rate, that it is most desirable 
that the problems of the new physics should be 
presented to the public from as many points of view 
as possible, by those who believe themselves capable 
of adding novelty or clearness to the arguments 
on which these fascinating developments are based. 
liquid fuel famine, and we should be in the favoured | For the evidence is accumulative, it gains support 

by coherence from experiments designed in various 
ways, and the weight attaching to each of the 
converging lines of argument will be differently 


alued by readers according to the extent of their 


physical or chemical education. The justification 
of each addition to the existing literature is its 
success, and it is precisely of the degree of success 
the source whence we draw our supply of benzine | that it is so difficult to judge. 


We can only hope that this work will prove 


edifying to those for whom it is intended, but we 
fear the author has handicapped himself by his con- 


The arrangement of the matter, the 


To effect this object Mr. Loring introduces at an 


and we are sure so careful an author has corrected | early stage a table of the elements arranged to give 
prominence to the views he wishes to enforce, and 


The provision of suitable plant arises at different | follows this arrangement by remarks on isotopes 
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which seem somewhat premature. We get a sketch 
of Aston’s work before that of Moseley, and though 
of course in presenting an argument the chrono- 
logical sequence in which the evidence is collected 
is of no importance, ‘yet the experimental proof that 
properties of an atom are determined by its nuclear 
charge rather than by its atomic weight is a funda- 
mental factor in the chain of evidence, on which it is 
desirable to lay stress. A chapter on the missing 
elements is of interest mainly for showing that 
types of simple mathematical series can be accom- 
modated to account for the deviations from an 
arranged order, though the scarcity of scandium on 
the earth, responsible for some part of this discussion 
does not seem to warrant the importance attached 
to it. The references made to the K, L, M groups, 
and the use made of those in the argument are 
obscure, but probably nothing more is intended than 
to intimate that the K group is common to certain 
elements of small atomic numbers, and that with 
increasing atomic number the L group appears, 
and that with increasing eléctron speed other and 
successive groups become evident. 

The introduction. of the quantum theory marks 
a distinct departure from the methods of classical 
mechanics, and this fact might have been emphasised 
with greater force. The application of Planck’s 
theory to the atom and its structure is no doubt 
warranted by its success, but the original hypothesis 
must be regarded as on its trial, though each 
successful application increases its claims to be 
regarded as a scientific fact. Niels Bohr is quite 
justified in applying the essential ideas of the 
‘quantum theory,’ for it is the only known way of 
explaining the phenomena of the simply constructed 
hydrogen atom. The result is intelligible, and 
gaining in favour. Direct experimental evidence 
confirms the conjecture, and support comes from 
many unexpected quarters. There are difficulties, 
many of them, and we are not sure how far the 
author regards the Bohr atom as a satisfactory 
solution of those difficulties, making it a valuable 
addition to scientific knowledge. The rival in the 
field is the Lewis-Langmuir atom, on which the 
octet theory of valency is developed and Mr. Loring 
apparently divides his allegiance between the two. 
In his chapter on the binding of electrons to form 
nuclear structures he leans towards the chemical 
side of the controversy. This attitude is the more 
intelligible, for it is precisely when »two or more 
atoms have to be combined to form a molecule that 
the dynamical model of Bohr is least satisfactory. 
On the other hand the Lewis-Langmuir atom has 
been purposely constructed to meet this case and 
occupies the more favourable position. Later, 
however, when considering the limitations of theory 
the balance seems to turn in favour of the Bohr- 
Rutherford scheme, and it is admitted that Bohr’s 
theory of the atom is true in the mean, and satis- 
factorily explains many facts of spectral analysis. 
The “‘ static ” atom specially contrived to deal with 
and explain chemical phenomena makes little 
advance in the domain of physics, but the 
“dynamical” atom with its system of electrons 
describing elliptical orbits so far invades the territory 
of the chemist that it claims to explain the most 
characteristic features of the periodical law of 
Mendileeff. No doubt controversy will wrangle over 
the position till some advance is made by the 
discovery of other models, possessing advantages 
over these early and brilliant conceptions. Experi- 
ment and reasoning will for many years find a field 
of battle in these invisible particles. Mr. Loring 
demonstrates some of the points that agitate the 
protagonists in this field and informs the public 
of the present position of the contest. 
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ScHNEIDER. Berlin: Julius ~ , ga [Price 2-20 dols.]} 

Empire Forestry Journal. Vol. II, No. 2. December, 
1923. London: Empire Forestry Association. [Price 
4s, net.] 

The Practical Engineer Electrical Pocket Book and Diary, 
1924. Edited by Conrap ArRNoL~D, A.M.I.E.E. 
London: Henry Frowde and Hodder and Stoughton. 
[Price 2s. 6d. net.] 

The Practical Engineer Mechanical Pocket Book and Diary, 
1924, Edited by Ernest G. Beck, Wh.Ex., Assoc. 
M.Inst.C.E. London: Henry Frowde and Hodder 
and Stoughton. [Price 2s. 6d. net.] 

of Auditoriums 


Acoustics of Buildings, including Acousti 
and Sound-proofing of Rooms. By F. R. Warson. 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 15s. net.] 

Galvanomagnetic and Thermomagnetic Effects. The Hall 
and Allied Phenomena, By L. L. CampBett, Ph.D. 
London: Longmans, Green and Co. [Price 16s. net.] 

Marine Boiler Management and Construction. By C. E. 
StrRoMEYER, O.B.E. Sixth edition. London: Long- 
mans Green and Co. [Price 21s. net.] 

The Association of Engineering and Shipbuilding Draughts- 
men. The First Principles of Lifting Machinery. 
By G. T. Smtru. London: Offices of the Association. 
[Price 2s.] 








THE PARAFFIN PROBLEM IN OIL WELLS. 


Tue so-called paraffin, which collects in some oil wells 
and in the pores of the oil-producing sands immediately 
around the wells, is usually made up of waxy and gummy 
hydrocarbons and asphalt, mixed with more or less oil, 
water and inorganic silt. consisting of sand, clay, common 
salt and the carbonates, and sometimes also the sulphates 
of the alkaline earths. With the composition vary also 
the hardness, consistency and solubility of the paraffin 
in the oil. Generally the solubility increases as the 
temperature is raised, but in the paraffin from the Garber 
field in Oklahoma the solubility diminishes with rising 
temperature. Apart from such eases, cooling of the oil 
is liable to produce deposition of paraffin, and a fall of 
temperature of only a fraction of a degree may indeed 
be sufficient for this effect. The chilling. incident to the 
sudden reduction of pressure by the expansion of the 
gas in the well and in the sand, is therefore one of the 
chief causes of the formation of paraffin deposits. Con- 
tributory causes are the diminution of the solubility due 
to the lowering of the gas pressure, the churning action 
of the pumps and rods tending to accentuate the emulsi- 
fication of the oil with water and silt and the evaporation 
of the natural gas which had acted as solvent. The 
alternate wetting and drying of the exposed sand, when 
the fluid level in the well is repeatedly lowered, also 
favours the depositions of paraffin. Finally, there may 
be the leakage into the oil of water carrying salts with it 
which promote oil emulsification; more silt will be 
produced when the bicarbonates give up part of their 
carbon dioxide owing to the reduction of the gas pres- 
sures, and the carbonates close the pores of the sand 
and coat the walls of the casing and tools. 

These troubles and their cures have formed the sub- 
ject of an investigation conducted on behalf of the 
United States Bureau of Mines by R. Van A. Mills 
(Investigation Report, Serial No. 2550). The trouble 
is most common, it is pointed out, in old pumping fields 
where gas evaporation and loss of gas pressure have 
continued for long periods, and where the clogging of 
the pores has led to the apparent exhaustion of the 
recoverable oil. The paraffining shows particularly in 
the upper part of the well, in which the chilling effect 
of the gas expansion is greatest. Damage may, however, 
also be attributed to paraffining which is really due to 
mineral incrustation, especially by gypsum and other 
sulphates. Though paraffining and mineral incrustation 
may be concomitant, as was mentioned, the nature of 
the deposit should be ascertained before remedies be 
attempted. 

As usual prevention is easier than cure, and the most 
common method of retarding the paraffining of wells 
seems to be to tube the wells sufficiently high to keep 
the sand covered with oil. High tubing of the well and 
thus maintaining an oil column in it has the further 
advantage of producing a back pressure in the well 
without having to close the casing head; the escape and 
expansion of gas are thus prevented. In a flowing well 
of Wyoming paraffin had plugged the 2-in. tubing; the 
well was closed for 24 hours during which the pressure 


| rose to 450 Ib. 





r square inch ; the well was then allowed 
to flow open for the next 24 hours, and by, repeating 
this cycle the tubing was kept practically free of paraffin. 
Accumulated paraffin is also removed by heating the 
well. This can be done by various means. Mechanical 
difficulties have so far interfered with the success of 
electric heaters, but satisfactory results have been 
obtained by some companies. Steam has been intro- 
duced into the space between a 2-in. tubing running 
inside the 3-in. tubing ; but the method is costly. When 
the paraffin is to be removed from the face of the sand, 
the steam is also introduced through the single string 
of tubing; the melted paraffin is subsequently pumped 
off. The steam must, however, not be under pressure 
in the well, lest the paraffin be driven back into the sand 
and congeal into a “‘ paraffin-ring.” 

Some of the so-called chemical methods are in reality 
also thermal. When 100 Ib. or 200 1b. of calcium carbide, 
confined in a wire gauze container, is lowered into a well, 
as has been done with success in the shallow wells of 
eastern Kansas, the water in the well, or purposely added, 
reacts with the carbide, and heat is liberated; the 
acetylene gas generated may act as solvent and may 
thus help. In the old Pennsylvania fields mixtures of 
caustic soda and powdered aluminium have been dumped 
down the well or lowered in a bailer; a heat effect is 
here again relied upon. Like calcium carbide, sodium 
peroxide, wrapped in wire cloth or placed in tin or glass 
containers, has also been introduced into the well. The 
method is considered promising, but is still being studied 
by the Bureau; sodium peroxide is an expensive and 
dangerous reagent, it catches fire when in contact with 
water or damp objects and might destroy wooden 
derricks. Hydrochloric acid has been used by tho 
Bureau, alone or in conjunction with peroxide ; the acid 
is to dissolve carbonates and to neutralise the caustic 
soda formed by the decomposition of the sodium per- 
oxide under further liberation of heat. The other 
chemicals tried are solvents for the paraffin. Of these 
benzene is more efiective than gasoline, and much more 
effective than kerosene and crude oil itself, expecially 
when hot. But the hot solution deposits part of its 
paraffin again when cooling. and the whole operation is 
expensive, though a well at Bradford in Pennsylvania 
has been washed with gasoline every four years, the 
solvent being poured down through the tubing or 
ep the tubing and casing or lowered in a dump 

ailer. 

There remain the more violent, but efficient and con- 
trollable methods of shooting and burning. The shoot- 
ing experiments of the Bureau look very encouraging, 
especially for removing combustible residues from the 
face of an oil sand. About 10 lb. of nitroglycerin are 
placed in a 1}-in. shell, the length of which should be 
? of the thickness of the sand layer. Burning was first 
tried in 1920 by the Smith-Dunn Company near Marietta, 
Ohio. Oil-soaked waste was lighted and lowered down 
a well in which compressed air was being used; after 
24 hours the fire was extinguished by pouring water down 
the well, which was found to be effectively cleaned and to 
give a doubled output. Still more increased yields were 
obtained by the same means in other cases. The Hope 
Natural Gas Company has quite recently been feeding a 
mixture of air and gas down wells of West Virginia 
where the oil makes very little gas. The belled bottom 
of the string forms a chamber for the flame which is 
started by a fusee. The temperature has risen to 
3,300 deg. F. in some cases, and a few joints of the tubing 
have been burnt loose; in most cases the temperature 
has not exceeded 2,300 deg. F., and little damage has 
been done. 





THE LATE Mr. C. 8. Kincatp.—We regret to announce 
the death, at the age of 73 years, of that well-known 
Clyde engineer, Mr. Charles Stewart Kincaid. . He died 
at his residence, Corrie Bank, Greenock, on Saturday, 
January 19, after a very brief illness. He was for fifty 
years associated with his brother in the firm of Messrs. 
J. G. Kincaid and Co., but retired from the directorate six 
years ago. 


RarE Merats.—The United States Department of 
Interior announce the issue through the Bureau of Mines 
of Bulletin 212, “‘ Analytical methods for certain metals ”’ ; 
the metals covered including cerium, thorium, molyb- 
denum, tungsten, radium, uraniuin, vanadium, titanium, 
and zirconium. The Bureau of Mines points out that 
the rare metals are becoming increasingly important, 
rare metal alloys having properties which indicate that 
so far only the threshold of the possibilities of their 
utilisation has been reached, not only in making non- 
ferrous alloys, but also special steels. There has been 
considerable uncertainty regarding analytical methods 
for the rare metals. A great deal has been published, 
but the weak and the strong points of the various methods 
have not been investigated as carefully as is needed, The 
Bureau of Mines at its rare metals station in Colorado 
had to do a great déal of analytical work in connection 
with the metals covered by the bulletin, which aims to 
give the results of the experience so acquired. No claim 
for much originality is made, although some published 
methods given have been modified, and some new ones 
have been developed by members of the staff. . The 
principal methods available were studied critically, and 
it is hoped that the work will assist. those interested in 
analytical work in connection with the metals named. 
The bulletin was prepared under the editorship of R. B. 
Moore, formerly Chief Chernist of the Bureau of Mines, 
and contains individual chapters by 8. C. Lind, J. W. 
Marden, J. P. Bonardi, C. W. Davis, and J. E. Conley. 
Copies may be obtained from the Superintendent of 
Documents, Government Printing Office, Washington, 





D.C,, at the price of 40 cents, 
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OPERATING RESULTS WITH A NEWTON 
PLANING MACHINE DRIVE. 


Some interesting results have recently been obtained 
with an application of the Newton (Derby) patent 
reversing drive to a planing machine in the works of 
Messrs. Wadkin and Co., the well-known woodworking 
machinery manufacturers of Leicester. The applica- 
tion is illustrated in the annexed figure. This driving 
gear, which is manufactured by Messrs. Newton 
Brothers (Derby), Limited, of Derby, was described and 
illustrated in detail in our issue of March 2 last year. 
The arrangement consists, briefly, of a continuously 
running electric motor, which drives the table of the 
planing machine through an epicyclic gear. Two 
solenoid brakes, operated by the table dogs, hold in 
turn two brake drums of the epicyclic gear, and the 
result of the arrangement is that a high-speed return 
stroke is always obtained, and that the cutting stroke 
may be varied to suit the job in hand. The variation 
is obtained by altering the speed of the motor by an 
adjustable resistance in its circuit. This resistance is, 
however, cut out on the return stroke, which is always 
made at top speed. No part of the planer driving gear 
has the direction of its motion reversed when the table 
reverses, except the actual planer driving-shaft, and 
there is no reversing of belts or motor armatures. 


TaBLe I.—Power Consumption Tests of Planers. 





Units Consumed Units 
Description of in one Hour Consumed in 
Machine. at 4-ft. Stroke, one Day’s 


Ruaning Light. | Run at Work. 





8 ft. 6in. by 3 ft. Gin. by 10 ft. 
planer, installed 1923, 
direct motor drive, motor 
mounted on cross-rail x 

3 ft. by 3 ft. by 10 ft. planer, 
installed 1920, with belt 
drive from independent 
motor mounted on gantry. . 

3 ft. by 3 ft. by 10 ft. ditto .. 

3 ft. 6in. by 3 ft. 6in. by 12 ft. 
old planer, . fitted with 
Newton drive ‘ 





4} | 31 
5 | 40 


3 | 20 
TaBLe L].—Old Planer before Alteration. 
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PLANING MACHINE WITH NEWTON ELECTRIC DRIVE. 





formed the machine into what is described by the 
owners as “the fastest in the shop.” 
ing machines concerned are of comparatively small 
capacity, but a number of those which can be seen in 
the figure are motor-driven, and this has furnished an 
opportunity of obtaining a series of comparative power 
inputs for a capacity of machine for which such infor- 
mation does not usually become available. 
this kind are usually given in reference to the larger class 


All the plan- 


Data of 


Cycles and Stroke. Time. | Input. | Load. | of tool. The figures which have been obtained are 
Teta SMG SMT Ae _|_ |__| tabulated in Tables I to IV. These tables are self- 
Nl explanatory. The modern planers referred to in 
I : i 

aad amps. /2MP8- 1 Tables I and IV are by one of the leading British 

Time required to complete 10 : y Mile . | 
cycles at 1-ft. stroke | 0 34 9 | 37 machine-tool builders. It will be noted in connection 
Ditto, 2-ft. stroke oof OBB ooh 8 15 | with Tables II and III that, although the conversion of 
ee i ” ath a ae 7 ij. | the machine has more than doubled the reverse speed, 
Ditto, 12-ft. 7 | 5 32 7 13 | the peak power input at reversing has not been appre- 

| 


Maximum cutting speed attained during above tests, 34 ft. 
per minute. 
Maximum return speed, 70 ft. per minute. 
TaBLe III.—Old Planer after Alteration. 


| | 
Power | Peak 
Cycles and Stroke Time. Input. | Load. 


Se 








min. see. | amps. | amps. 
Time required to complete 10 





er sa Fy NR revised and brought up to date. 
dealing with accumulators, electric lamps and lighting, 
electricity on shipboard, and with electric welding, 


ciably altered, and the power required during the 
cutting stroke has been greatly reduced. 





YEAR-BOOKS AND ANNUALS. 
The ‘* Mechanical World” Electrical Pocket Book for 


1924, which has just been prblished by Messrs. Emmott 
and Co., Limited, Manchester, has been carefully 


Thus the sections 


cycles at 1-ft, stroke aT oy are . have been re-written and extensive revisions have 
Ditto, 2-ft stroke 11 J.) O45 3 15 |been made elsewhere. The new matter includes 
= a ” . --| 2 = : . sections on testing sets, electric furnaces and ther- 
Nitto, 6-ft. - ., a 2 vs “gs EN re ae : 
Ditto, 12-ft. ,, | $16 | 3 | i; |mionic valves. There are numerous tables, those ‘most 
' 


y, "2 ri volume. 
clearly printed, although it is, of course, not prac- 
ticable to use a very large type in compilations of this 
kind. The little volume, like its predecessors, will 
undoubtedly be welcomed by a large circle of engineers. 


Maximum cutting speed obtained during above tests, 32 ft. 
per minute. 
Maximum return speed, 144 ft. per minute. 
TaBLe IV.—Modern Motor Driven Planer. 


| Power | Peak 
Cycles and Stroke. Time. | Input. | Load, 
| | 
| 


| 





+i 
| 
| 
| 
| 
‘| 


min. sec. amps. | 
Time required to complete 10 } 
cycles at 2-ft. stroke .. , 0 50 | en ee 
| } note 
Ditto, 4-ft. stroke 198 | : es ee 
ND, COG, OF TEs ess Bi Baa Hi Mig ic | 
Ditto, 12-ft. ,, .. .d WH biel 14 oii 
| | 


Note.—Ammeter only read to 25 amperes, and pointer went to 
thie reading with a bump. 
amperes.) 


ee Wood and Co., 
Manchester, and 81, Cannon-street, E.C. 4, a diary of 
one week to the page, giving useful tables on channels, 
beams and angles, and conversion tables. 


frequently required being grouped at the end of the 


This we may add is strongly bound and 


Diary.—We have received from Messrs. Edward 
Limited, constructional engineers, 








ROYAL METEOROLOGICAL SOCIETY. 


THE annual general meeting of this society was held on 


(Peak load estimated at 35 to 40} Wednesday, the 16th inst., in the society’s house, 49, 
Cromwell-road, South Kensington, Dr. C. Chree, F.R.S., 
President, being in the chair. 


The Report of the Council 


The planing machine in Messrs. Wadkin’s works, to | for 1923 was read and adopted and the Council for 1924 
which the drive has been applied is of unknown make | duly elected, the new President being Mr. ©. J. P. Cave, 


and is about twenty years old. 
driven by a magnetic clutch of Austrian origin, and 
its relatively low output, compared with the more 
modern machines alongside which it is set, led Messrs. 
Wadkin to seek means of bringing it more nearly into 


It was originally | M.A., 


J.P. 


The Symons to Professor 


Gold Medal, awarded 


Dr. C. Chree, F.R.S., delivered an address on ‘‘ Re- 


line with its neighbours. The fitting of the Newton | fections on Various Subjects, including Meteorology and 





drive has not only accomplished this, but has trans- 


Sunspots,” of which we give the following abstract. 








| 





During the past year the institution of a ‘‘ Buchan’ 
prize is an event calling for special remark. When the 
Scottish Meteorological Society threw in its lot with the 
Royal Meteorological Society it had certain surplus 
funds, and this suggested the desirability that something 
should be done to honour the memory of.Dr. Alexander 
Buchan, so long and honourably connected with the 
Scottish Society. Ina recent paper in the “ Meteorologisch 
Zeitschrift,” the late head of the German Meteorological 
Service, Dr. Hellmann, refers to Dr. Buchan as the most 
distinguished British meteorologist of the last third of 
the nineteenth century. He also comments on the very 
large membership which the Scottish Society possessed 
when at the height of its vigour, with Dr. Buchan as 
Secretary. If a successor appeared to Dr. Buchan, with 
the same capacity to arouse an interest in meteorology, 
our fellowship, in view of the large population of Great 
Britain as compared with that of Scotland, might be 
numbered in thousands. The President referred to the 
numerous ways in which, under existing conditions, the 
time of those best qualified to do research was occupied 
in teaching, business or administration. The question 
of duplicate officers, representing research and adminis- 
tration, seemed not unworthy of the attention of 
scientific societies. He also referred to various mathe- 
matical points : the great labour involved in the refereeing 
of mathematical papers and the difficulty of ensuring 
accuracy. The danger that existed when the results of 
mathematical calculations were stated as general pro- 
positions, without adequate explanation of the nature of 
the problems actually solved. He considered that no 
one was more likely to advance a subject than a first-rate 
mathematician, provided he possessed common sense, & 
physical sense, and intimate knowledge of the subject. 
The President then considered the application of modern 
correlation methods to the question of the relationship 
between sunspot frequency and meteorological, electrical 
and magnetic phenomena, employing in illustration a 
variety of data from Kow Observatory. The results 
showed the importance of employing a long period of 
years, the results obtained from single eleven-year periods 
being widely divergent in the case of meteorological data. 
A difficulty in arriving at conclusions being the length of 
the sunspot cycle, it was important to know whether any 
reasonable plan suggested itself of arriving at results from 
shorter periods. There was reason to think that, so far 
at least as magnetic phenomena are concerned, the 
difference between years of many and few sunspots was 
of the same nature as the difference between magnetically 
disturbed and quiet days. The incidence of quiet and 
disturbed magnetic conditions was the same al! over the 
earth, but the difference between the two sets of con- 
ditions appeared to be particularly prominent in high 
latitudes. There were now issued from de Bilt inter- 
national lists of quiet and disturbed days, five of each 
class per month. It might be worth while contrasting 
meteorological data from these two sets of (Greenwich) 
days from stations representative of different parts of the 
earth. The new observatory in Shetland, from its high 
latitude, suggested itself as a promising station for the 
purpose. 





British Cast-IRON RESEARCH AssocrIaTION.—The 


Takematsu Okada, Director of the Central Meteorological | Council of this association has appointed Mr. J. ©. 
Observatory, Tokyo, was presented on his behalf to | Pearce to the post of Director of Research, in succession 
His Excellency the Japanese Ambassador. 


to Dr. Perey Longmuir, who was compelled to retire on 
account of ill-health. Mr. Pearce will take up his duties 
on February 1. Mr. J. E. Fletcher has been appointed 
consultant to the association. 
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THE HINDLEY VERTICAL BOILER. 


So much interest is taken in the large modern boilers 
for power-house work, capabie of producing anything 
from 50,000 Ib. to 200,000 Ib. of steam per hour, that 
the part played in industry by small isolated boilers is 
often forgotten. These small boilers, of which there 
are hundreds of thousands in existence, are very 
important in the aggregate, for altogether they. are 
responsible for the consumption of.a great amount of 
fuel, and they are usually working under conditions 
where adequate supervision and maintenance are 
difficult to secure. They have, therefore, to be designed 
for operation and cleaning by unskilled men, so that 
although simplicity is one of the first considerations, 


Pig. 1. 













































































economy, nevertheless, has to be assured to the greatest 
extent possible. Within the limitations imposed by the 
necessity of simplicity, makers have made considerable 
improvements in the construction of these small 
boilers during recent years, and we illustrate in Figs. 1 
and 2, above, the improved type now standardised in a 
large number of sizes by Messrs. E. S. Hindley and 
a of Bourton, Dorset, and 11, Queen Victoria-street, 
ondon. 

The boiler, as will be seen from the drawing, is of the 
vertical tube type, with a superheater arranged in the 
smoke-box above the upper tube plate. The vertical 
tube arrangement provides a considerably greater 
heating surface than can be obtained with a cross tube 
boiler of the same diameter, and.it further permits of a 
much greater depth of water over the crown of the 
fire-box than can be obtained with the cross-tube type. 
Che tubes are spaced well apart to facilitate cleaning, 
which can be effected by means of suitably placed 
hand holes. The superheater gives about 30 deg. of 





superheat with normal firing, this being quite sufficient 
te bring about a marked economy in the steam con- 
sumption of the engine driven, and yet being low enough 
to avoid any trouble with the lubrication of the engines. 

Tests carried out to compare the performance of a 
vertical-tube boiler with one of the cross-tube type 
showed results distinctly favourable to the former. 
The vertical-tube boiler was 8 ft. high, its diameter 
being 3 ft., and its grate area 5 sq. ft. The cross-tube 
boiler was slightly larger, being 7 ft. 6 in. high by 
3 ft. 3 in. diameter, with a grate area of 5-9 sq. ft. 
The two boilers were both operated for 6 hours with 
good steam coal. The vertical-tube boiler used 113 Ib. 
of coal to evaporate 672 lb. of water per hour, producing 
steam at 100 lb. pressure and 48 deg. superheat from 
feed water at 63 deg. F. The other evaporated 
632-5 lb. of water per hour, producing non-superheated 
steam at the same pressure, its fuel consumption being 
124 lb. per hour. The evaporation from and at 
212 deg. F. was 7-28 lb. per pound of coal in the case 
of the vertical-tube boiler, and 6-12 lbs. in that of the 
cross-tube boiler. These figures show that the type 
of boiler illustrated compares very favourably both in 
duty and efficiency with the older type. 

Boilers of the vertical-tube design are constructed in 
18 standard sizes, ranging from 1 ft. 9 in. diameter by 


4 ft. 9 in. high to 7 ft. diameter by 15 ft. 6 in. high, the | rabo: 


largest having a heating surface of 658 sq. ft. and a rated 
maximum evaporation of 4,000 lb. of water per hour. 
The normal working pressure is 100 lb. per square inch, 
the boilers being tested to twice this pressure before 
leaving the works. All riveting is done hydraulically. 
The standard fittings sent out with the boilers include a 
steam valve, safety valve, check valve and blow-off 
cock, and the usual steam and water gauges. 





THE ECONOMIC STATUS OF THE DIESEL 
ENGINE.* 
By L. H. Morrison, New York, N.Y. 
(Continued from page 94.) 

Diesel Engines in Factory Power Plants.—While the 
use of purchased power is increasing rapidly, the fact 
still remains that the greater part of the power em- 
ployed in industrial establishments is generated in thei 
own power plants. Since many factory plants are equipped 
with inefficient units and operated in a wasteful manner, 





(e226.0) Years 
Fig. 5. Errect oF ExcrssivE OVERHEAD 
CHARGES. 


the greatest opportunity for reduction in power costs is 
in these plants. Consequently this is the natural field 
for the oil engine of moderate and small powers. 

The load factor of a well-designed industrial power 
plant is much above those prevailing in central stations. 
For this reason the actual overhead charges per kilowatt- 
hour or per horsepower-hour are less than in the central 
station, and a low operating cost is of great importance. 

In deciding upon the installation of a plant, it is usual 
to compare the estimated cost of generating power with 
the cost of putchased current. It is in this process of 
comparison that a well-defined idea of what the overhead 
charges will actually amount to becomes a matter of 
serious concern. 

Customarily fixed charges of 16 per cent. are 
assumed to apply to the factory plant. In the 
case of a Diesel installation this has heretofore been 
shown to be entirely too high, a value of 9 per cent. 
being for most installations the correct value. Now 
observe the results when an excessive percentage is 
employed. Suppose the plant is to be of 750 kw. capacity 
and that it is purchased for 100 dols. per kilowatt, 
totalling 75,000 dols. An overhead of 16 per cent. 





* Paper read at the American Society of Mechanical 
Engineers’ Meeting, New York, December 3 to 6, 1923. 














I2I 
TaBLeE IV. 
Year .. ae re -- | 1919-20 | 1921-22 | 1922-23 
Barrels of flour milled J 124,000 131,200 114,427 
cents. cents. cents. 
Wi per barrel of flour .. 3-82 4-14 3-97 
Fuel per barrel of flour on 2-21 2-51 2°33 
Lubricating oil per barrel of 
our ” pm ad 0-31 0-29 0-49 
Incidentale:  .. “ ee 0-11 0-23 0-04 
Repairs at . 1:73 1-69 0-057 
Total operating costs per 
barrel .. fd a 8-18 8-86 7°40 
| 








: TABLE V. 

The assumed plant on which this table is based is a 100-ton 
high-pressure fresh-water plant, with 1,600 300-Ib. cans, 35,000 ft. 
of 1}-in. pipe, four-can lift, automatic fill and 10,000-ton season 
ice storage ; production, 32,000 tons per year. 

ELECTRIC PLANT. OIL-ENGINE-DRIVEN PLANT. 
Two Compressor Units, Syn- Full Diesel Type, Two Com- 
chronous-Motor-Driven. pressor bse Generator 
nit 


Ice-making machinery Ice-making machinery 
water system, syn- and water system, $ 
chronous motors two oil-engine units 
and switchboard, for driving ammonia 
erec ote -. 248,500 compressors 100-kva. 


generator, direct- 
connected to 150-h.p. 
fac, = he oa hegpee = 
One chief engineer, NSWALION, ZC., engine 
at $225 per month 2,700 oom, ice tank room, 
Two watch en- ce storage and office 292,500 
gineers, at $175 


OPERATING COST PER YEAR. 


per month e 4,200 OPERATING COST PER YEAR. 
Three ice pullers, at Labour— 
$30 per week .. 4,680 One chief engineer, 
Power— at $275 per month 3,300 


Two watch engineers, 
at $175 permonth 4,200 
Two extra men, at 


Yearly average, 46 
kw.-hour per ton, 
including storage 


32,000 tons, at 1-5 $36 per week .. 3,744 

cents per kilowatt Three ice pullers, at 

hour average .. 22,100 $30 per week .. 4,680 
Oil, waste, ammonia Fuel— 

and miscellaneous Average 2-6 engine 


brake horse-power 

per ton, including 

storage, 54 gallon 

fuel per ton ice, at 

5 cents per gallon 8,800 
Engine lubricating 

oil, 1 gallon per 

1,000 h.p.-hour, 


at 7 cents per ton 2,240 
Water for ice making 

and tower make- 

up, 500 gallon per 

ton, at 10 cents 

per 1,000 gallons 1,600 
Maintenance on ma- 


chinery, at 2 per ‘ 
cent in $106,000 2,120 equals 0-07 gallon 
od per ton ice, at 50 


39,640 cents per gallon .. 1,120 


Fixed Charges— Compressor oil, waste, 
Interest, 6 per cent. ammonia, &c., at 
on $248,500 .. 14,910 7 cents per ton .. 2,240 


Water for ice making 
pe and cooling-tower 

cent. on $142,500 5,000 make-up, 500 gal- 
Depreciation on lon per ton, at 10 
machinery, 6 per cents per 1,000 
cent. on $106,000 6,360 gallons’ .. Pie 
Insurance, taxes and Maintenance on ma- 
miscellaneous, 1} chinery, at 4 per 
per cent. on cent. on $147,000 5,880 
$248,500 os 3,720 a 
35,564 


29,990 Fixed Charges— 
Interest, at 6 per 
cent. on $292,500 17,550 
Depreciation on 
buildings, 3} per 
cent. on $145,500 5,100 
Depreciation on 
machinery, 8 per 
cent, on $147,000. 11,760 
Insurance, taxes and 
miscellaneous, 1} 
per cent. on 
$292,500. . ad 4,388 


38,798 


Depreciation on 
buildings, 3} per 


1,600 








Total operating cost 69,630 
6 


__ $69,630 _ = $2-17 per ton 
32,000 (tons) 


Total operating cost 74,362 
$74,362 _. £232 per ton 
32,000 (tons) 
(Equivalent to electric power at 
1-83 cents per kilowatt-hour). 


would burden the plant with 12,000 dols. per year, 
while the actual overhead of 9 per cent. amounts to 
only 6,750 dols. per year. If the yearly excess of 
5,450 dols. be placed out at interest, compounded annually 
at the end of the life of the engine, if this be taken as 
twenty-five years, the excess charged against the plant 
will be 350,000 dols. as shown in Fig. 5. Now this 
means absolutely nothing provided the factory installs 
its own power for the money set aside has not been spent 
and will revert to the stockholders. Consider, however, 
the situation if when using an excessive overhead in 
estimating the cost with a private plant, purchased 
power a raged is the cheaper. The purchase of 
power is then at an expense above the cost of producing 
the power in the factory plant by an amount as shown 
jn Fig. 5. The necessity of using a more accurate value 
is self-evident. 

Operating costs with Diesel engines without reference 
to any demand for process or heating steam, are con- 
siderably under those of a steam plant of like capacity. 
For example, Table IV shows the cost of power in @ 
Kansas flour mill. The costs shown are far below those 
prevailing in steam-driven mills. The engine-room 
equipment cost a total of 49,652 dols., so that the fixed 
charges per barrel of flour may be ascertained readily. 

In plants of 75 h.p. to 500 h.p. capacity the elements 
of labour causes the costs to be somewhat above those 
found in the larger plants. However, the costs will in 
most cases be under the prevailing electric-power rate. 





Probably there is only one industry where there is 
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some question as to the comparative cheapness of pur- | pressure steam demand. In the case of the oil-engine 


chased or generated power. 


This is the refrigerating | plant there is a larger amount of heat that might be 


industry, where the loads are fairly uniform and it is| recovered through suitable equipment and used in 


possible to shut down the plant for 3 hours or 4 hours 
out of every 24. These features enable the refrigerating 
plant to obtain “ off peak ’’ service with a consequent 
low .rate, some larger plants obtaining a rate as low as 
7 mills per kilowatt-hour. In many of these power 
contracts the demand clause is so worded that the 
refrigerating plant must pay during the entire year at a 
rate on the maximum demand existing during the 
summer period. In view of the usual light winter load 
the average electric rate for the year is often considerably 
above those mentioned in the contract. 

Diesel Power Versus Purchased Electric Power.—It 
must)»be conceded that before one can determine the 
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relative merits of the Diesel and purchased-current 
propositions, the rates obtainable in the particular 
locality must be studied. As an example of the com- 
parative costs of operating an ice plant using purchased 
current and oil engines, Table V is given. This table is 


> 


various ways. That more interest has not been shown 
in this problem of waste-heat recovery is due to the 
character of the plants using oil or gas engines, as well 
as to the tendency of engineers to be satisfied with the 
already high efficiency of this type of engine. The 
question naturally arises, How can the exhaust heat be 
recovered, and what will be the total heat recovery in 
B.Th.U. or in pounds of steam ? 

First, considering a gas engine of the usual efficiency 
of 13,000 B.Th.U., per kilowatt-hour, or 10,000 per brake 
horse-power, some 40 per cent of the heat developed in 
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WastE-Heat Borer For 1,250-H.P. Dreset. 


a portion of one prepared by J. M. McCoy of the Texas | 


Power and Light Co., the original table showing esti- 
mated costs for uniflow and semi-Diesel-engine drives. 


| 
| 
| 
| 
| 


In this table, which has had wide publication and has | 


been used as the basis of arguments favouring one or 
the other of the several forms of power units, it will be 
noted that the cost per ton of ice with oil-engine drive 
is 2-33 dols. per ton, while electric power, at 14 cents 
per kilowatt-hour, shows a total cost of 2-17 dols. per 
ton. Attention is called to the excessive overhead 
assessed against’the Diesel; this, excluding the building, 
has been placed at 154 per cent., depreciation being set 
at 8 per cent., which, on the basis of a sinking fund 
compounded at 6 per cent., gives a life of but ten years. 
The absurdity of the thing is obvious. 


| 
| 
| 
| 


If, on the other | 


hand, depreciation be taken as 2 per cent. (based on | 


twenty-five years life and 6 per cent. compound interest) 


the total overhead becomes 9} per cent., making the | 


fixed charges total 29,978 dols. 
are then 65,542 dols., or 2-05 dols. per ton, which is 
equivalent to 1-41 cents 
all demand charges during the winter season. Obviously 
when electric power can be purchased at a very low rate, 
one is not justified in stating that oil-engine power is 
the cheaper, but any rate over 1} cents per kilowatt-hour 
can, save in exceptione! cases, be surpassed by the 
oil-engine drive. 

As has been heretofore pointed out, the efficiency of 
the oil engine is practically constant during its life. 
The results obtained in any given plant are then practi- | 
cally taken out of the control of the operator. Since in | 
any steam plant the efficiencies obtained are due as 
much to the operating force as to the design of the plant, 
the advantage of automatic control in the oil-engine 
plant needs no further comment. 

Waste Heat Recovery in Diesel Plants.—The belief 


on the part of factory owners that steam power is | 


necessary by reason of a demand for exhaust steam in | 


process or heating work is quite general. That this 
belief is not always justified is proved by the 


of many such factories which purchase central-station | 


power and employ one or more boilers to meet the low- 


Total operating costs | 


er kilowatt-hour, including | 


| This recovery is based on a gas temperature of 900 deg. 


existence | 


en 


the cylinder is discarded through the exhaust. Of this 
4,000 B.Th.U. per brake horse-power a waste-heat boiler 
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Fie. 8. Eneuisnh Diesen PLANT witH WASTE- 
Heat Borers. 


should recover at least 60 per cent. In other words, 
2,400 B.Th.U. may be recovered per brake horse-power. 


F. and an exit temperature of 360 deg. to 375 deg. Since 
it requires 970 B.Th.U. to generate a pound of steam from 
and at 212 deg., the exhaust gas will supply heat for 
2-4 lb. of steam for each engine brake horse-power with 
a feedwater temperature of 180 deg., which is quite 
possible by utilising part of the jacket cooling water. 
The amount of steam could be increased by using an 


pound of coal, each engine horse-power will | supply 
steam equivalent to over 0-33 lb. of coal per hour. 
In the case of the Diesel engine the thermal efficiency 
is such that: only about 8,000 B.Th.U. per brake horse- 
power-hour is used, of which some 35 per cent. passes 
out through the exhaust line. The exhaust temperature 
is low, around 700 deg. F., and if the same exit tempera- 


ture, 360 deg., be used, the recovery becomes 
yeu Te — 60 
. Ti —- 60 
where T, is the stack temperature in deg. F., and T; the 
/ 360 — 60 


engine exhaust temperature, or 1 — al which is 
700 — 60 








economiser to reduce further the exhaust-gas tempera- | 
ture. Assuming an evaporation of 7 lb. of water per 








In other words, 1,400 B.Th.U. per 


about 50 per cent. 





HorizontaL WAstTE-HEAT BoILERs. 





Fic. 9. BorLer with AvuxiLttary Gas BuRNERS. 


| brake horse-power may be recovered, which is equivalent 


to approximately 1-4 lb. of steam or slightly under 0-2 
lb. of coal. The exit temperature of 360 deg. is based 
on having the steam pressure at 100 1b. gauge, which 
would give a difference of 44 deg. between the steam and 
the gas discharge temperature. If low-pressure steam 
is needed, say, at 5 lb. gauge, the gas temperature can 
be reduced to 300 deg., making the percentage of heat 
recovery slightly larger. 

The recovery of the exhaust heat by steam generation 
is of little consequence in plants much under 300 h.p. 
A plant of this size would supply 10,000 Ib. of steam a 
day, and by so doing save over half-a-ton of coal a day. 
But if a small amount of steam or hot-water heat is 
needed, the exhaust waste heat is the most convenient 
to employ in generating it and is obtainable at the 
lowest cost. i 

A plant of 1,000 h.p. would show a yearly saving of 
864 tons, which with coal costing 7 dols. a ton in the 
boiler furnace represents a saving of 6,000 dols. a year. 
Since the waste-heat boiler can be purchased somewhat 
below the price of a coal-fired boiler, the actual saving 
is greater than that given. In view of the fact that there 
are many plants of over 1,000 h.p., the possibilities 
should be of interest. There is in addition the saving 
in labour otherwise required for the coal-fired boiler 

It has been found that the amount of recoverable 
heat in the exhaust is almost in proportion to the mean 
effective pressure of the engine, and to the boiler out- 
put. At a mean _ effective pressure below 40 lb. per 
square inch the exhaust temperature is so low that the 
recoverable heat just about offsets the boiler radiation 
losses. 

Where hot water and not steam is required, such as 
in building heating, washing treatment in silk mills, 
&c., the heat recovery becomes much greater. Taking 
the Diesel plant as the basis of computations, about 30 
per cent. of the heat of the fuel is absorbed by the cooling 
water. The jacket discharge temperature can be carried 
at, say, 155 deg. F., which, with an entrance temperature 
of 100 deg., would cal] for 44 Ib. of water per brake 
horse-power-hour. The exhaust-heat boiler could add 
around 1,400 B.Th. U. per engine horse-power, which would 
raise the 44 Ib. of water from 155 deg. to 187 deg. F. 
The total recovery of heat is therefore 3,300 B.Th.U. per 
brake horse-power-bour, equivalent to about } lb. of 
coal per brake horse-power-hour. In case of a 500-h.p. 
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engine the saving would be 3 tons of coal a day or over 
7,000 dols. a year. 

While a number of waste-heat boilers have been built 
in this country, broadly speaking, the subject has been 
ignored by boiler manufacturers and engine users. The 
United States Navy installed two such boilers of the 
water-tube type on the battleship Maryland, in connection 
with two 900-h.p. Diesels. While the efficiency obtained 
has not been published, no doubt it is low by reason of 
the water-tube design. Since little radiant heat exists 
in the gases, the fire-tube design, which offers a long gas 
travel and high gas velocities, is no doubt the better 
design. Likewise a few cast-iron heaters are in use in 
small plants. 

In England there are over 200 plants making use of 
waste-heat boilers, most of the latter being of the type 
illustrated in Fig. 6, which shows a vertical boiler used 
in connection with a 1,250-h.p. Diesel. Horizontal 
boilers are, however, equally adaptable and are being 
built along the lines of Fig. 7. Fig. 8 is a plan of an 
English oil-engine plant where each engine is fitted with 
this type. This boiler has been developed to include a 
compartment wherein gas may be burned by combustion 
in the long fire tubes in case the engine output is in- 
sufficient as shown in Fig. 9. The same idea is carried 
out in a boiler where oil is burned in a small furnace in 
front of the tube bank. 

The boilers illustrated are developments of the Bone- 
court boiler, originally built as a steam boiler to use coal 
gas as fuel. The designers, Professor W. A. Bone and 
Lieutenant C. D. McCourt, were able to obtain a thermal 
efficiency of 92 per cent. and over. The tubes were 
filled with broken firebrick, and a mixture of gas and 
air was forced through this material under a draft of 
20 in, of water. Combustion without excess air was 
thus obtained. From this original design a boiler was 
developed in which the tube-packing material was 
eliminated and the draft reduced, while still maintaining 
a high efficiency. For waste-heat recovery each tube 
is filled with a retarder in the form of a special steel ribbon 
resembling a screw conveyor. 

The question of corrosion due to sulphur in the fuel is 
often raised. Experience with existing installations 
indicate that no such danger exists. The only pre- 
caution necessary is to see that the tube-cover doors are 
opened about once a month to inspect the tube ends for 
weeping. If tube leaking goes on without correction, 
in time the water may cause corrosion. In all installa- 
tions the boiler should be placed as close to the engine as 
it can be to eliminate as much as possible the loss of heat 
by radiation. 

The question of oil supply is one that need not be 
touched upon, for there is at all times, and will be as 
long as a supply of crude exists, plenty of fuel oil to 
meet all Diesel requirements. At the present time the 
production of fuel oil over its consumption in existing 
oil-engine plants is at the rate of a hundred million 
barrels per year. Even if all the petroleum fields cease 
producing, the known oil-shale deposits would furnish 
a supply for hundreds of years. Furthermore, there is 
no reason why entire dependence need be placed upon 
petroleum, for tar oil is being used in European engines 
with complete success, and Should oil prices rise, the tar 
products can be called into use. f 

In conclusion, the author feels that he has put the 
case for the Diesel engine but weakly. However, this 
type of prime mover is so efficient and its ability to 
reduce present operating costs so great, that engineers 
will do well to investigate its possibilities. 





SOME MATERIALS IN AIRCRAFT 
CONSTRUCTION.* 
By Joun D. Nortn, F.R.AE.S. 

Tue problem of structural design in aeroplanes pos- 
sesses many unique features which are not to be found 
among those of ordinary engineering structures. By 
this I do not mean to say that the fundamental theory 
of structure is in any way modified in its application 
to aircraft, but rather that the peculiar conditions to be 
fulfilled bring into prominence various points which, in 
ordinary civil engineering, are so readily smoothed over 
as practically to escape notice. I need scarcely remind 
anyone here that in no other form of structure does 
weight economy so amply repay the engineer. It is 
true that in certain cases, such as crane jibs, the import- 
ance of light structure is recognised, but no designer of 
hoisting machinery has thought fit to go to the lengths 
which are accepted as ordinary aeroplane practice in 
order to obtain lightness. 

Just as weight economy reimburses the aeroplane 

designer, so there is a heavy penalty for failure to achieve 
a light structure. The useful load capacity of the aero- 
plane is within such a narrow margin of the gross weight 
that the intrinsically heavy aeroplane is always at a 
grave disadvantage. Commander Hunsaker suggested, 
in his Wilbur Wright Memorial Lecture before the Royal 
Aeronautical Society, that the preliminary weight 
estimate of an aeroplane should be regarded as a bank 
account which under no circumstances must be over- 
drawn. This is a precept which I would heartily endorse, 
but the practice is scarcely easier structurally than it is 
financially. 
_ Weight breeds weight ; and it is no uncommon event 
tor @ completed aeroplane to be as much as 5 per cent. 
in excess of its estimated gross weight, and the structure 
has to be strengthened to withstand the extra load ; 
thus more weight is added, and so the pernicious cycle 
continues, 

In order to solve the problem of design of light 
structural members for the aeroplane we must utilise 

* Paper read before the Royal Aeronautical Society 
on Thursday, January 10, 1924. Abridged. : 








the following means of approach : Firstly, ‘we must 


know the external forces on the aeroplane which have to 
be withstood ; secondly, we must find the loads in the 
various members produced by these forces; thirdly, 
we must devise forms and select materials for these 
members in order that they may perform their duty 
with a minimum weight expenditure. This form of 
approach rather suggests that the arrangement of the 
various members is predetermined, and while this is not 
actually true, we do not approach the problem of struc- 
tural design with an absolutely open mind as to the 
general arrangement of the machine. As in all creative 
engineering work, the arrangement adopted by the 
designer is chosen to meet, in his general opinion, the 
various requirements of the finished aeroplane. The 
vast number of variables renders impossible a complete 
analytical attack on the problem of the general arrange- 
ment, and it is for this reason that theoretical structural 
knowledge is no substitute for experience. As every 
engineer knows, he can, within the limits of his experience, 
intuitively appreciate the various points which arise in 
preliminary design, and the analytical method is applied 
at a later stage to verify his intuition and to extract 
the last ounce which is to be saved by refinement of 
design. It is the importance of this ounce that gives 
such an impetus to the analysis of structural problems in 
aircraft design and the development of new machines, 
and ways and means have been evolved which are 
unnecessary in general engineering practice, where they 
give no adequate return for the labour involved. 

Since, from a structural point of view, the special 
quality of the aeroplane is its lightness, it would appear 
obvious that those materials which would make the 
greatest appeal to the aeronautical engineer will result 
in the lightest structure, but an examination of the 
modern aeroplane shows a general use of materials which 
do not satisfy this requirement. To a very large extent 
I believe this to be due to the precedents of pre-war 
practice, which under war conditions crystallised into 
standards, on which the efforts of manufacturers could 
most conveniently be concentrated. 

In a previous paper* before the Society I discussed 
some of the methods whereby very substantial saving 
could be effected in the structure weight of an aeroplane. 
By the use of proper materials in all parts of the aeroplane 
this saving could be considerably augmented. We have 
to consider whether, in adopting these new materials 
and methods of manufacture, we are on sound metal- 
lurgical grounds, a point dealt with by Dr. Aitchison.t} 
Secondly, we must consider how manufacturing costs will 
be affected. I feel that this latter aspect of the case has 
not been viewed in the proper light. It is, I think, 
generally admitted that our present experience has shown 
us that this saving of weight can be realised, but I do 
not feel that its full significance is understood. 

Let us examine as an example a case of a high-per- 
formance medium-range day-bomber, one of the most 
important classes of offensive aircraft. A machine of 
this class should be able to protect itself by reason of its 
performance and manceuvring powers against defensive 
attack from enemy aircraft without the assistance of an 
escort. The performance necessary can only be realised 
with a power loading of about 10 Ibs. per horse-power, 
and fuel must be carried for four hours’ flight at full 
speed at ground level. 

Supposing a fair representative value for the structure 
weight of the “standard construction” aeroplane of 
this class to be 36 per cent. An examination of figures 
for aeroplanes made of wood, mild steel and so on con- 
vinces me that this is a reasonable figure for aeroplanes 
between 7,000 Ib. and 12,000 lb. gross weight of this 
type of manufacture. The 10 lb. carried by each horse- 
power will then be made up as follows :— 


Lbs. 

Engine see a a ee toe oO 

Fuel ... eas aes ne Sr red linde i, 
Engine installation, 7.e., tanks, propeller, 
exhaust pipes, fuel pipes, water system, 

&c., of standard type cae seo, Se 
Structure... <a re ry oe ee 
Military load aaa are cee cot eae 

Total ... sac coe 10-0 


The military load is thus 14 per cent. of the gross weight 
of the aeroplane. By introducing light alloys into the 
fuel system by special construction of tanks and so on, 
it should be possible to reduce the item for installation to 
0-8 lb. We can already with confidence say that the 
use of high-tensile steels and light alloys will reduce the 
structure item to 2:7 lb. The balance will now be as 
follows :— 





Lbs. 

Engine 2-0 
Fuel ... eA 2-0 
Installation ... 0-8 
Structure... 2-7 
Military load... 2-5 
Total ... bua vides AM 


The military load is now 25 per cent. of the gross weight. 
Suppose that the military load is required to be 2,000 lb., 
the weights of the two aeroplanes to fulfil precisely the 
same functions so far as performance, range, and carry- 
ing capacity are concerned will be roughly 14,000 lb. 
and 8,000 Ib. respectively. They may be appropriately 
pictured as, in the first case, a biplane 80 ft. span with 
two Rolls-Royce Condor engines, and in the second 
case a biplane 60 ft. span with two Bristol Jupiters. 

To consider first the question of prime cost, a very 
fair figure for the cost of aeroplanes of standard construc- 


at The Case for | Metal Construction,” "Aeronautical 
Journal, January, 1923. 
{ See ENGINEERING, page 89 ante. 








tion is 15s. per Ib. of gross weight, not including the cost 
of engine or military equipment, instruments, &c., while 
@ reasonable average ” Vets for the cost of aeroplane 
engines is 4l. per horse-power. The cost of the first 
aeroplane as influenced by gross weight, é.e., excluding 
cost of equipment, will therefore be as follows :— 


£ 3s. d. 

Engine, lh.p._... aa P 40 0 
Aeroplane, 10 Ib. at 15s. per Ib. 710 0 
Total cost per horse-power 11 10 0 
16,000 0 0 


Gross h.p. 1,400, gross cost 


I have used round numbers in the arithmetic, but 
have everywhere under-estimated rather than over- 
estimated the cost. 

Now let us turn to the second machine. The 800 h.p. 
at 4/. per horse-power will cost 3,200/., and deducting 
this from the 16,000/. (the gross cost of the first machine) 
we are left with 12,8007. for the aeroplane structure, 
representing a figure of Il. 12s. per lb. of gross weight 
of the aeroplane. That is to say, the cost per lb. of 
gross weight can be more than doubled without making 
the prime cost of the aeroplane to fulfil a specific duty 
any higher than it would be for the standard construc- 
tion. Manufactured in moderate quantities, the differ- 
ence in cost per unit weight is nothing like as great as 
this, and there is no doubt whatever that the lighter 
type will be very much cheaper in prime cost. The 
effective working of the materials necessary to achieve 
this light structure requires a more elaborate engineer- 
ing organisation, more extensive and more expensive 
plant, and also a considerable amount of tool-making, 
die-sinking for drop stampings, &c., all of which are in 
the nature of a fixed standing charge of constant amount 
very nearly independent of output and consequently a 
rapidly diminishing percentage oncost as the output for 
@ given type increases. 

The advantage does not, however, end with prime 
cost. The cost of engine maintenance where 400 h.p. 
engines are used instead of 700 h.p. i8 greatly diminished, 
while the larger aeroplane has a fuel bill 75 per cent. 
greater than the smaller. Handling, shed accommoda- 
tion, transport are all simplified, and a very large saving 
in operating cost for the same service is indicated. 

From a military point of view there is the further 
tremendous advantage of greater mancuvring power in 
favour of the smaller machine. With standard ratio 
of control force to hinge moment, 7.e., with similar 
balancing, the relative time taken by two similar machines 
of different size to execute a given mancuvre varies 
as the square of their linear dimensions. In other words, 
the time taken by the larger machine to execute a 
manceuvre will be 75 per cent. greater than in the case 
of the smaller machine. This difference of manceuvra- 
bility is so great that in all probability the larger machine 
could no longer be considered to come within the class 
of self-defending aircraft. It will, of course, be noticed 
that the magnitude of the advantage in favour of light 
construction is emphasised by the large proportion of 
the permissible weight per horse-power represented by the 
engine, fuel and installation. The constant efforts to 
increase performance and range in military aircraft are 
likely to increase this figure in the future rather than to 
reduce it. It is thus evident that even apart from the 
saving in prime cost and rmning cost an air force 
equipped with aeroplanes of the heavier type of construc- 
tion is likely to be at a hopeless military disadvantage 
against a force armed with the lighter type of machine. 

In the case of commercial aircraft, where the power 
loading rises to 15 or 16 lb. per horse-power the advant- 
age of the lighter type of construction is, of course, not 
so startling. It will probably be correct to say that the 
prime cost for a given service would be about the same 
in both cases, the advantage being gained in reduced 
running expenses. 

Similar arguments can of course be applied to the 
design of equipment. On the type of military aeropiane 
which has just been considered the prime cost of aero- 
plane and engine of ‘standard construction” is 81. 
per lb. weight of military load. Therefore every ounce 
saved in equipment means a saving of 10s. worth of 
aeroplane, which has not only to be bought but main- 
tained. With the lighter type of aeroplane construc- 
tion this saving will probably represent about 68. or 7s. 
an ounce. An examination of standard military equip- 
ment is sufficient evidence that this point of view is not 
appreciated by those responsible. 

f I have demonstrated that it is worth while using 
the best possible materials to give the lightest structure, 
I can now turn to consider what these materials are. 
The principal structural parts of an aeroplane may be 
grouped under the heading of ties and laterally-loaded 
struts. I have already discussed in a previous paper* 
the methods of construction and the materials, the 
use of which these members may be made as light as 
possible. In order to find a basis for the discussion of 
the physical properties of materials suitable for these 
members we must remember that an aeroplane is pri- 
marily designed on the failure strength of its members. 
Although an aeroplane is a redundant structure, the 
standard method in force for calculating the loads in 
the members ignores many redundances, and calcula- 
tions, except in very special cases, are based solely on the 
maximum load the member is capable of taking. Where 
redundances exist the straining of members beyond the 
limits of proportionality, which may occur at moderate 
loads (e.g., flexure of struts) gives a distribution of loads 
throughout the structure, which is distinctly removed 
from that which would be calculated by the usual 
“strain energy *’ method, and in most cases this strain- 
ing has the effect of distributing the loads in a more 
favourable manner. The increase in real strength of the 





* « The Case for Metal Construction.” 
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aeroplane on this account is considered in determining 
the load factors. 

Ties.—Within the limits described above the only 
property of ties from the point of view of static strength 
which need be considered is the ultimate tensile strength. 
The ratio of elastic limit to ultimate must, of course, 
be such that with the load factors used, the members 
are not liable to be permanently deformed under ordinary 
service conditions. The ultimate tensile strength of ma- 
terials will be referred to in the rest of these notes as F;, 

Laterally-Loaded Struts.—The determining property of 
the material is the value of E, and of E; (the slope of the 
stress-strain diagram) at the failing stress on the com- 
pression stress-strain curve. This is based on the 
assumption that as strain is released the stress falls 
according to the value of E. This has been found to be 
true for many materials, but it may not be strictly so 
for all, in which case two values of E; (on the upward 
curve, and on the downward curve) for the stress in ques- 
tion are required. Yield point, in materials which possess 
it, is the point of failure for a considerable range of lengths 
of any given strut, but this is really a particular case of 
the general result. 

An attempt has been made to define the critical stress 
in compression, as the stress at which some definite small 
plastic extension takes place, in which case it has been 
called the proof stress, It is very doubtful if this method 
is accurate, and for the purposes of these notes I shall 
refer to the critical compressive stress as F,. 

Apart from possessing properties favourable to these 
strength requirements, materials must be able to be 
worked commercially, and they, must have adequate 
ductility to avoid the formation of stress cracks, and 
similar failures due to the inability of the material to 
adapt itself to highly-concentrated local stress. A 
fairly wide range of steels meets these conditions in 
varying degrees, and it is possible that there is a wide 
range of light alloys which will also satisfy our require- 
ments, but experience in this latter direction is limited 
to one or two well-known alloys. 


TaBLE I.—Classes of Steel for Aircraft Construction. 


Bar. Sheet and strip. Tube. 
Low carbon 8.3 {T22 
Medium carbon 8.1 {r3 
Medium tensile alloy 8.2 8.43 
High tensile alloy _... 8.40 
Very high tensile alloy T.2 


Steels.—Table I shows the various classes of steel 
with different conditions of manufacture, which are in 
use or are specially suitable for aeroplane construction. 
The low carbon group in the normalised state only gives 
F, 18 tons per square inch and F, 26 tons per square inch. 
These can be brought up to F, 28 and F, 32 by cold work. 
The very low specific strength of these materials makes 
them uneconomical structurally. 

The medium carbon group in the normalised state 
will give an F, of about 35 tons per square inch, and 
when cold-worked an F, of 35 to 40 tons per square inch. 
In this latter state they are merging into the medium 
tensile alloy steel group with F, 40 to 50 tons per square 
inch, F; 50 to 55 tons per square inch. As the alloy 
steels are brought up to the strength by hardening and 
tempering, and not by, cold work, they are obviously 
more suitable for working up into plate fittings. Ex- 
perience has shown that medium tensile alloy steels with 
an F; of about 50 tons per square inch are very suitable 
for making fittings, and represent a saving of nearly 
50 per cent. in weight on the normalised low carbon 
sheets. 

Alloy steel bar with an F; of 55 tons per square 
inch is similarly an economical substitute for medium 
carbon bar, the extra difficulty of machining this class 
of material being to a large extent compensated for by 
the smaller amount of material which has to be removed. 
These two materials seem to represent an excellent 
compromise between ductility and strength, and it is 
scarccly practicable to use steels for fittings with a higher 
tensile strength ; in fact, a slight reduction, say, 10 per 
cent., in the value of F; of S.2 will be advantageous if a 
definite gain in machining qualities is to be expected. 
The high tensile alloy steel, F, 65 to 75 tons per square 
inch, F; about 80 tons per square inch, can only be 
worked satisfactorily in very thin material, e.g., under 
22 gauge on account of its low ductility. It is probable 
also that the very thin material is not liable to stress 
and crack owing to its elastic instability, causing the 
material to buckle rather than crack. There is a 
distinct use for solid-drawn tubes having these mechanical 
properties, and such a material can be obtained by 
tempering down the very high tensile alloy steel tubing 
T.2, which is commonly used for axles. In addition to 
the above, medium carbon steel rods are rolled or swaged 
into Raf-wires and tie-rods, a very large amount of 
cold work put into the material bringing the F; up to 
60 tons per square inch. 

Fairly frequent fatigue feilures in Raf-wires in service 
nabtaalie makes the mate:ial worthy of special con- 
sideration, but owing to the manufacturing difficulties 
involved, I believe that no more favourable proposition 
has been put forward. 

Joining Processes.—The use of alloy steel sheets for 
built-up fittings immediately raises the question of 
joining processes. Autogenous welding is, of course, 
excluded by the nature of the material, and I understand 
that the metallurgist considers this to be good riddance 
to bad rubbish. Brazing, particularly dip-brazing, is 
attractive, since it can be incorporated in the heat- 
treatment programme, but personal experience of the 
formation of cracks (whether due to stress or inter- 
crystalline penetration seems uncertain) have made me 


nature are best in consideration of strength, lightness 
and reliability, and which by their fundamental properties 
can be so treated that they reach down to our require- 
ments, rather than materials of inferior quality which 
must strain up to them. 
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the discoveries and inventions which he has made, and 


the process, and these seem to have led to satisfactory 
results, though, naturally, satisfactory results are of a 
negative nature, and require to be very extensive to be 
convincing. In the meantime riveting and sweating have 
been utilised successfully and found to meet every 
requirement. The function of the sweating is primarily 
to relieve riveting or pinning at joints from fluctuating 
stress, though one Bant » imagine that as a joining process 
sweating alone, when properly carried out, is at least as 
reliable as glue in wood-joining. 

The use of high tensile steel bar for bolts and nuts 
requires a reconsideration of the range of sizes which are 
to be used. Steps of ,4 in. in diameter are too coarse, 
and as—thanks to the initiative of the Royal Aircraft 
Factory—the aircraft industry was many years ago 
robbed of the international standard metric system, we 
are compelled to fall back on the British standard fine 
thread in stages of J, in., and on the bastard offspring 
of the British Association for sizes under J, in. 

Light Alloys.—Duralumin, the best known of the light 
alloys, gives an F, of about 15 tons per square inch, and 
and F, of 25 tons per square inch. Specifically, its 
strength is of the same order as the medium tensile 
alloy steels, and it may usefully be considered as a con- 
venient substitute for very thin steel sheet avoiding the 
difficulties of instability, &c., which would be found with 
a material less than 0-01 in. thick. 20 gauge Duralumin 
sheet is roughly equivalent to 30 gauge steel sheet. Dura- 
lumin is particularly suitable for torsion tubes in control 
surfaces where the question of rigidity makes it necessary 
to use the large diameters, while the very low stress would 
bring the appropriate thicknesses of steel into the region 
where failure by buckling takes place at a low load. 
Duralumin may also be used with advantage to form 
an extension on the lower scale of bolt sizes, particularly 
for joining Duralumin to Duralumin and for equipment 
installation. 

Drop Stampings.—With the use of high-grade 
materials drop stampings for joints must be available 
to the designer. Only in a very few cases is it possible 
to make a reasonably light joint with a steel stamping 
unless it is possible to machine it all over ; these are the 
cases where the surplus material necessary for the 
purposes of draw can be removed. I recall vividly the 
manufacture of the frame joints of the R.E.7 aeroplane, 
where, owing to the designer of the joints having failed 
to consider this fact, the joints came out greatly in 
excess of their estimated weight, and large numbers of 
gunsmiths had to be employed to chip off the surplus 
material. With light alloy stampings, owing to the 
greater thickness of the part, the difficulty of the draw is 
not so acute, and I think that stampings of this material 
will in the future play an important part in aircraft 
construction. The fine dimensions of the finished part 
in any material, however, make it necessary for the 
greatest care to be taken to register the dies accurately 
and to maintain a uniform thickness of flash. 

Engine Installation —The extensive use of copper and 
brass in the fuel system, and of tinned mild steel sheet 
in tanks, offers great opportunity for weight economy 
by the substitution of better materials. The extended 
introduction of Duralumin for cocks and connections, and 
Duralumin or aluminium for the pipes in the water, fuel 
and oil systems, seems inevitable. Tinned mild steel 
sheet for tanks might with advantage be replaced by 
stainless iron or a nickel-copper alloy such as Monel or 
Corronil metal with improvement from a strength and 
weight point of view, and the reduction, if not elimination, 
of the constant corrosion troubles due to the difficulty 
of getting away chlorides from the soldering fluxes. 
Aluminium or light alloy tanks depend for their success 
on a petrol-tight joining process—a problem which cannot 
be considered to have been wholly solved. 

Exhaust pipes, the thickness of which is largely 
governed by the question of scaling, can be made of 
thinner material if stainless iron, Monel or Corronil 
metal, or some other metal which does not oxidise readily 
at high temperatures, is employed. Such manifolds, 
experience has shown me, are very satisfactory. 
Objection has been raised by certain people to the use 
of high-quality materials on the grounds that they will 
be abused by those who are charged with the main- 
tenance of the aeroplane on service. This I believe to be 
a@ most improper way to regard an engineering matter. 
There is nothing whatever in the use of such material 
which will prevent the skilled artisan, the semi-skilled 
workman or the labourer from carrying out their ordinary 
duties of maintenance satisfactorily provided they are 
under proper engineering supervision. An engineering 
training cannot be acquired as part of a two years’ 
college course, and the work of the maintenance engineer 
is essentially a whole-time job. I do not believe that any 
attempt to run a large flying organisation, either service 
or civil, can be really successful unless the engineering 
work of maintenance is carried out directly under the 
supervision of professional engineers. I do not advocate 
the use of hundred-ton steels or excessively-cold-worked 
ultra-light alloys, but rather materials which by their 
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the greatest single step in this progress has been his 
discoveries in treating metals to accomplish certain 
desired ends. 

The first metal used by man was copper—logically, too, 
because of its softness. This very softness, however, 
that was a point in favour of the early use of copper, was 
also the first to count against it. But when primitive 
man learned that the reddish earth we call iron ore could 
be smelted and made into tough, hard metal which would 
take and retain a point, or edge, he stepped up from the 
primitive stage into the real mastery of the earth. 

Every hour of the 24 that we live and breathe— 
and even some of the hours that we slumber away into 
eternity—are affected by the use of metal—chiefly iron 
and steel. We sleep in a metal bed, made comfortable 
by metal springs covered with fabrics woven on metal 
machines. In the morning we jump into a metal tub, 
only practical because of metal pipes. Even our faces are 
kept youthful through the use of metal razors. To go 
into the details of the tremendous, but often unthought-of, 
part that metal plays in our lives would take more time 
than is now available. But because metal has become so 
common, so ordinary, so much a necessity of every 
movement in life, seldom does the real realisation of the 
progress which the metal industry has made come to 
mind. 

Primitive man had fire at his command at a very early 

riod, and with its aid he was able to smelt ore and then 
arene or cast the product thus obtained into various 
forms. For centuries, forging and casting were the only 
methods known for producing iron parts. Large quanti- 
ties of parts were not required and for a long time slow, 
expensive methods of manufacture prevailed. Many can 
remember the cast-iron keys and the forged hardware 
that decorated the doors of Reis only a few generations 
ago. Since quantities were small, there was little in- 
centive to develop methods that would produce parts at 
high speed and relatively low cost. 

Early Uses of Pressed Metal.—Then came the develop- 
ment of the electrical industry which grew with amazing 
rapidity. The old-time gas chandelier and oil lamp 
manufacturers had been content with slow hand methods 
of spinning the light-weight metal parts that were 
required. The electrical industry, however, needed speed 
in the production of thousands of various parts that had 
to be uniform, but usually with only thin walls and of no 
great size. Electrical manufacturers discovered that 
these parts could be pressed from steel and brass with 
amazing rapidity and accuracy. 

The first electric door-bell , a3 well as the covers 
for the magnets, were cast affairs—expensive to make. 
Here was a simple stamping job, of thin material, easily 
handled and easily pressed. Split-hair accuracy was 
not required. Stamped metal boxes and bases have 
since become universal. Then the electrical industry 
found it could also press bells for gongs, railway signals, 
and such with equal facility. 

In the telephone exchanges thousands of relays were 
required and each had to be fitted with a cover as pro- 
tection against dust. The problem was relatively simple 
—just a tube about 2 in. in diameter and 4 in. deep. 
But quantity production was required and light presses 
could turn out the parts.speedily and accurately. A 
glance at any desk telephone to-day will show that 
the instrument as well as the bell box is made almost 
entirely of pressed metal parts. 

Shortly after began the phenomenal development of the 
automobile, and soon the primitive ‘‘ horseless carriage ” 
was raising the dust of the highways. But the auto- 
mobile manufacturer followed a very ancient law, the 
‘law of habit.”” Because he had grown up in the carriage 
and wagon business where castings, forgings and wooden 
parts had been his daily contact, these were the parts 
he used. His vehicle was exactly as described, a “ horse- 
less carriage.” Even the, frames in the early machines 
were of wood. And no one to-day would want the 
enormous wheels that dignified the first gasoline chariots. 
The law of habit was strong, but the law of necessity was 
greater. Many castings were too heavy and too slowly 
produced. With greater production the automobile 
manufacturer could see the day coming when he would 
have to put in enormous quantities of additional equip- 
ment for performing the necessary machining and drilling 
operations required on cast parts. Most important, 
however, was the demand for lighter weight. 
Pressed Steel in the Automobile Field.— About this time 
the man with pressed-steel experience began to seek 
employment in the automobile field. His early activities 
in pressed steel for the automotive industry were confined 
to the lighter parts, such as clips, braces and brackets. 
Here savings were accomplished that made it easier to get 
the automobile manufacturer to consider stamping the 
heavier parts of his car. : 
A typical instance of how pressed steel made a saving 
for one automobile manufacturer in the early days when 
chain drives were standard practice, is told by a man of 
many years’ experience in the stamping field. This 
articular manufacturer had a combined sprocket and 
feake drum for the rear wheels of his car. The part was 
made from a casting which was expensive, heavy, and 
difficult to make. But by the proper combination of a 
pressed drum with a separate sprocket—not so easily 
worked out as words seem to convey—this pressed steel 
engineer designed both a better drum and a better 
sprocket at lower cost. One can just imagine this manu- 
facturer soon looking over his car for other savings 
pressed steel might bring. In the automobile field the 
first major parts of a car that were pressed in large 
quantities were brake drums, and then frames and then 
hubs, and so on until to-day almost the entire car, body 
and all, is made of pressed steel. : 
What to the eye seems a rather simple job of stamping 
is very frequently a task which requires days and days 
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produced were made by two drawing operations and had 
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A Cast ALUMINIUM CRANKCASE AND THE PRESSED- 
STEEL CRANKCASE THAT REPLACED IT. 


Fie. 1. 
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Fie. 2. Lepr: Cast Raprator SHELL WeicHING 44 Les. 
Ricut: Pressep-SreeL RapiaToR SHELL WEIGHING 28} LB. 





This very difference, which 
cannot be overcome, causes 
stamping manufacturers the 
most of their difficulties. 

Much thought and effort 
have been expended on the 
relatively simple process of 
pressing drums. One large 
manufacturer, whose plant 
turns out innumerable brake 
drums each year, tells of the 
obstacles that had to be over- 
come in producing a particular 
drum with an unusual profile 
of various sizes. A contract 
for making these drums (9 in. 
in diameter) out of fin. stock 
was secured. The dies were 
made and the job _ went 
through the plant without a 
hitch, Then along came a 
contract for making the same 
drums 12 in. in diameter out 
of slightly heavier stock. 
Every one expected the work 
to go through with the same 
facility as before, but unex- 
pected difficulties were en- 
countered. 

Cold sheet steel when sub- 
jected to several hundred 
tons’ “pressure in a heavy 


as the pressed-steel man terms them, “ picket fences.’’ | press really flows, or in other words, part of the sheet is 
In other words, the edge of the flange was not true, but | stretched to make a thinner wall, and part forced into 
wavy, nor were the drums always perfectly round. Now | certain sections to make a thicker wall. In the 12-in. 
pressed brake brums are manufactured by one operation. | drum the steel did not act at all as it had in the smaller 
To-day a brake drum must be round within twenty | drums and too much metal concentrated at one point. 
thousandths of an inch, which inva 14-in. drum is surely | However, after many hours of study and experimenting, 
a very slight variation from a perfect circle. This| perfect drums were finally produced. 
tolerance would not be difficult if every piece of sheet But the story does not end here. Shortly after, along 
steel supplied had exactly the same thickness and exactly | came an order for 14-in. drums with the same profile 
the same temper, but this is not commercially possible. | and of proportionately heavier stock. 














Fig. 5. Cast-IRoN AND PRESSED-STEEL INDUSTRIAL CaR WHEELS. 
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experience on the 12-in. drums it would seem that no 
new problem could arise. But it did, for the 14-in. 
drums did not act at all as had either the 9-in. or the 
12-in. ; and the production of the larger drums had to be 
studied through just as thoroughly as that of the two 
smaller designs. 

This particular experience is cited at length to point 
out that even though two pressed-metal pieces appear 
the same and are used for the same purpose, there is no 
known rule that can be applied to the action of the metal, 
when under pressure, that works satisfactorily in all 
cases. 

The production of pressed parts of large size requires 
infinite patience, coupled with a wide knowledge and 
experience of the action of stee] under various conditions 
and an understanding of why and how each job differs 
from another. Success in the use of pressed parts can be 
assured only when this experience is employed. For- 
tunately, there are to-day a number of stamping organisa- 
tions in the. country that have this ability. 

Considerable emphasis has been placed on brake drums 
in the preceding paragraphs, but the conclusion should 
by no means be drawn that brake drums are the only 
pressed parts of an automobile. There are hundreds of 
pressed parts on every automobile to-day. 

Another one of the interesting phases of the develop- 
ment of pressed-steel parts for this industry is the replace- 
ment of cast-aluminium parts. As previously mentioned, 
lightness was one of the influencing factors in the auto- 
mobile industry that pressed steel helped to solve. 

Before pressed steel occupied the important place it 
does to-day in the automobile field, manufacturers turned 
their attention to lighter metals, chiefly aluminium, in 
attempting to reduce the weight of their cars. In many 
instances, however, pressed-steel parts have even excelled 
aluminium in lightness, not to mention the additional 
advantage-saving in costs. 

Fig. 1 shows two crank-cases. The original cast 
aluminium crank-case weighed 13-5 1b. while the pressed 
steel crank-case which replaced it weighs only 12 Ib., 
or 1} Ib. less than the aluminium part it replaced. Both 
crank-cases are identical in size and accomplish the same 
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Cast- AND PRESSED-STEEL GASOLINE- 
Pump Basgs. 


Fr. 6. 


purpose, but the pressed-steel part made a substantial. | 


saving in both cost and weight for the manufacturer. 
Replacement of Cast-Iron Parts by Pressed Steel.—In 
the replacement of cast-iron parts, pressed steel has 
effected very many savings, both tangible and intangible, 
for the automobile industries. Fig. 2 shows two radiator 
shells used on a well-known truck in which the use of 
pressed steel saved the manufacturer 35 per cent. in 
material tonnage alone. In addition, many machining 
operations were eliminated and the parts were delivered 
to the plant ready for assembling. Moreover much less 
weight had to be Miele both in and out of the plant, as 
well as by the truck during its whole period of usefulness. 
A particularly interesting example of the application 
of pressed steel to the automobile field is illustrated by 
the re-development of a dual-reduction housing cover 
from cast aluminium to pressed steel (Fig. 3). By the 
very nature of the method of manufacture, a cast part is 
usually one solid unit. All projections, bosses, &c., can be 
cast as integral parts of the main member. In considering 
such a part from a pressed-steel production standpoint, 
it frequently happens that the cast part has to be viewed 
from-its component parts. Here is where the ingenuity 
of the ened steel engineer comes to play. In this dual 


reduction housing cover the problem was to provide | 


material for Ahe necessary tapping of the two small 
openings. This demand was successfully and cleverly 
met by the insertion of a steel flange and cast-iron elbow, 
which provided the necessary tapping facilities. While 
the weight of the whole part was increased very slightly, 
this was not a vital factor, and the cost of the pressed 
part represented a very substantial saving over ee cast 
part. Particular attention is directed to this redevelop- 
ment, because many parts that at first are apparent 





impossibilities for pressed steel redevelopment can be | 
produced by those who are experienced in this work and | 


who recognise that a completed pressed part is often 
secured by the combination of several different pressed 
units. The only way of making sure that any part 
cannot be successfully produced by stamping methods is 
to submit the part in question to a competent pressed-steel 
engineer. 

Various Applications of Pressed Steel.—But while the 
automobile manufacturer had been building his business 
through the use of pressed-metal parts and thus obtained 
not only the required quantity production but was also 
able to turn out beiter cars at lower prices because of the 
savings accomplished, a few other manufacturers made 
desultory attempts to apply the pressed steel idea. 
During the war, both small and heavy pressed parts were 
used in enormous quantities. The casting capacity of the 
country was limited and could not begin to fill the re- 
quirements, so that pressed steel met an urgent need. 

Pressed-steel shells are familiar to all, 
war development of pressec. steel is illustrated by a cast- 
steel pintle housing (Fig. 4} developed into pressed steel. 
In this instance, not only was the saving in weight a 


but a typical | 


strong incentive, when the demand was for conservation, | 


but the difference in method was of first importance, 
since all casting capacity thus released could be more 


effectively used on other parts where casting was an | 


absolute’ requirement. 

During the peace-time prosperity which followed the 
war, many of these manufacturers who had watched the 
development of pressed steel in the automobile industry 
and who had seen the war-time use of pressed metal, 
cast about for less costly methods of securing parts. 
But the real possibilities had to be brought home by those 
interested in the manufacture of pressed parts, and 
unfortunately many manufacturers have been too 


| in place of cast parts for all of the metal work on his pro- 
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lethargic in appreciating the value of pressed steel. As 
a case in point, may be cited the experience of one- 
pressed-steel salesman with a gas-meter manufacturer. 

Noticing one day that the covers of the meters made by 
this manufacturer were castings and required a number 
of drilling and machining operations to secure a proper 
fit, the salesman paid him a visit and discussed the 
advisability of making them out of pressed steel. This | 
material did not at first seem to meet the requirements, 
but the problem was studied and a pressed-steel meter 
cover designed that not only saved the meter manufac - 
turer many dollars in first cost, but also eliminated a 
number of expensive machining and drilling operations. 
In addition, a troublesome problem in breakage of the 
cast covers was solved by the employment of pressed 
steel. 

One pressed-steel redevelopment, made for a manu- 
facturer of gasoline section cars—the type so often used 
by railroad track gangs—is a striking example of the 





weight saving that pressed steel often accomplishes. 
This manufacturer had been using a cast-iron wheel 
20 in. in diameter on the tread and weighing 125 Ib. 
The redevelopment of the cast wheel into a pressed wheel, 
to which a cast-iron hub was fastened, reduced the weight 
78 lb. Of even greater importance was a cost saving of 
over 50 per cent. Photographs of both wheels are repro- 
duced in Fig. 5. 

Many of the gasoline pumps seon at filling stations are 
definite object-lessons in pressed steel that can be applied 
to the business of a customer provided he uses any cast 
parts. Take for example the pump base shown on the 
left in Fig. 6. This base consisted of two cast parts 
54% in. high, with a cast door giving access to the 
mechanism installed in the interior. From the layman’s 
standpoint the base looked like an impossibility for 
pressed metal because of its great length and the number 
of minor attachments, such as hinges and door latch, 
that were an integral part of the large casting. But a 
pressed-steel engineer who knew how to attack such 
problems studied the casting not as a whole but in all its 
various parts, and worked out ways by which these 
smaller parts could be reduced to pressed-steel possi- 
bilities. The results of this study are to be seen in the 
pressed-steel pump base shown at the right in Fig. 6. 

Correct design, big, heavy-duty presses, the acetylene 
torch, and electric welder produced a pressed base made 
up of 25 separate pressed pieces which, when assembled, 
weigh less than half as much as the cast base—60 Ib. 
of pressed metal against 155 Ib. of castings. In addition 
to the material savings must be considered the collateral 
savings in freight and ease of handling, as well as the 
elimination of machining costs and breakage. 

Many manufacturers who have learned by actual 
experience the exceptional advantages pressed steel 
has shown in one part, have carried the saving thus 
secured to other parts of the same equipment. A stove 
manufacturer who was induced to adopt pressed-steel 
legs for his stoves (Fig. 7), found the savings so sub- 
stantial that he developed several other casts parts such 
as door frames and doors into pressed parts. Another | 
feature—of selling importance—was found in the fact 
that pressed parts take enamel finish better than cast 
parts. 

One wringer manufacturer is now using pressed parts 





duct with the exception of the clamping screws. A 
washing machine manufacturer redesigned his entire 
machine and kept in close touch with the engineering 
department of the stamping organisation that made his 
stampings—with the result that he now has a machine 














Fig. 8. Pressep-Steet O1-Tank TRUCE. 


that uses pressed steel most effectively and presents a 
much better appearance. 

The opportunity of getting a better product with 
stronger selling points can be secured by many a manu- 
facturer in the household-appliance field if he will but get 
in touch with a competent stamping organisation. A 
gasoline pump manufacturer who had had previous 
gratifying experiences with pressed steel, was considering 
the manufacture of an oil-tank truck. Ordinarily his 
own designers would have planned the entire job, but his 


| confidence in the pressed-steel organisation, and the results 


it had secured for him, led him to find out first how pressed 
steel could be used in its construction. The truck, 
Fig. 8, was designed entirely in the stamping manu- 
facturer’s plant and every part, except the castors, is 
pressed metal. 

There is scarcely a plant in this country using metal 
parts that cannot apply pressed metal to advantage, no 
matter if the product is one of long standing or whether 
@ new product is under consideration. 

It is not the aim of the pressed-metal manufacturer to 
eliminate castings, for there are thousands of parts which 
are cast that cannot be produced in any other way. But 
pressed metal is making a wonderful contribution to 
industry in speeding-up the production of parts, reducing 
excessive unnecessary weight, eliminating many expensive 
machining operations, and saving material and handling 
costs, in addition to savings in plant investment that 
would have to be made to take care of many finishing 
operations required when cast parts are used. The same 
advantages which many industries to-day are getting 
from the use of pressed parts can be obtained by almost 
any manufacturer who will get the facts on his own pro- 
ducts, The pressed-metal industry is ready and waiting 
to serve him. 








L.C.C.. Mats Dratnace CommitteE.—The report, 
dated the 19th inst., issued by the London County 
Council, gives the figures of the tenders for various 
classes of work. - For the Lewisham branch sewer, the 
lowest tender showed a total of 241,644/., and the highest 
a total of 343,473/.; for the Streatham-hill sewer, the 
totals were 46,4281. for the lowest, and 76,2511. ; those 
for piping, &c., for the Abbey Mills pumping station 
were 5,8131. and 7,9701.; and for centrifugal pumps 
for the Isle of Dogs pumping station, 3,118/. and 4,632/. 


Empire MINING AND METALLURGICAL CONGRESS. 
The Institutions of Mining and Metallurgy, of Mining 
Engineers, and of Petroleum Technologists, together 


| with the Mining Association of Great Britain, the Iron 


and Steel Institute, the Institute of Metals and the 
National Federation of Iron and Steel Manufacturers, 
are convening an Empire Mining and Metallurgical 
Congress, to be held from June 3 to 6 inclusive, at the 
British Empire Exhibition. It is estimated that « 
sum of 10,000/. will be required to defray the cost of 
printing and publication of papers and discussions, and 
that of the entertainment of delegates and agents. Up 
till the present, the convening bodies have promised 
donations from their corporate funds, aggregating 
1,3007. The members of the above technical institutions 
are requested to contribute donations of ll. 1s. and 
upwards, Corporate bodies and persons associated with 
the mineral and metal industries are invited to contri- 
bute 50/7. and upwards to a guarantee fund. The offices 
of the henidnpe 3 rag cg are at Cleveland House, 
225, City-road, 
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MODERN SUBWAY CARS. 


Modern Subway Cars and Their Operation as Exempli fied 
on the City Owned Rapid-Transit Lines in New York.* 
By Sexpy Haar, Electrical and Mechanical Engineer, 

’ Mem.A.S.M.E., New York, N.Y. 

THE subject for consideration at this session is really 
the steel passenger car; on account of the breadth of 
the theme, however, the author will confine his remarks 
to steel cars in New York City, and particularly in the 
city-owned subways. The paper has purposely been 
made brief, to permit full discussion in order to record, 
before it is too late, the early history and the influences 
which moulded the development of a piece of apparatus 
which all but monopolises its field, and which now engages 
millions of dollars of invested capital, calls for the 
employment of tens of thousands of skilled workmen, 
and is turned out by thousands every year—all of 
which has grown up in the twenty years since a sample 
car was built for the New York subway at the Altoona 
shops of the Pennsylvania Railroad Company. An 
invitation is extended at the outset for the contribution 
of all pertinent information on the subject, particularly 
reminiscences of the early days. 

The successful operation of the New York Subway 
and all modern passenger subways was made possible by : 

(1) The electric system of power generation, trans- 
mission, distribution, and application to trains, particu- 
larly the multiple-unit system of motor control ; 

(2) The block-signal system of train control with high 
track capacity ; and 

(3) Last, but not least, the steel car. 

There is room for argument that (1) may be divided 
into several items, but for the present paper such sub- 
division is unnecessary. The selection of these features 
was made with two points of view in mind, economics 
and safety. 

Nowadays it may scarcely be believed that there was 

grave doubt among many unbiased students of the New 
York transportation problem twenty-five years ago 
that the subway would earn a profit, and hence the 
present generation are amazed to hear of the risks that 
the contractor took who signed the first Interborough 
subway construction and operating contract in 1900. 
Economic necessity dictated that the power system 
should be of high efficiency, that the length of trains 
should be capable of increase as much as was warranted, 
that the construction and maintenance costs of the cars 
should not be much, if any, greater than such costs for 
wooden cars, and that the signal system should permit 
the safe operation of trains at headways closer than had 
been before attempted. How successfully these require- 
ments were met is a matter of common knowledge. 
Parenthetically, it may be remarked that electric opera- 
tion was selected for the first subway only a few years 
after Professor W. C. Unwin, of England, one of the most 
distinguished experts of the world, had stated publicly 
that a compressed air city power distribution system 
was cheaper for general power purposes than an electrical 
power distribution system. The specifications in the 
subway contract permitted the use of compressed air for 
ower. 
Time does not permit a discussion of the electric power 
system and the signal system from the safety standpoint, 
any more than to say that they have met all expectations 
fully. The author, however, must call attention to one 
important feature of the signal system, namely the auto- 
matic track trip, which is lowered when the block with 
which it is associated is free of trains, and is raised when 
the block is occupied. If a train passes over a raised 
track trip, an air valve on the truck and connected to 
the air-brake system is struck and opened, causing an 
emergency application of the brakes; thus a train 
already in a given block is protected from a rear-end 
collision. This feature is essential to permit the short 
headways that are scheduled. 

The steel car was produced by Mr. George Gibbs, 
consulting engineer to the Interborough Rapid Transit 
Company, to eliminate fire hazard from subway opera- 
tion, for which purpose it has been a success. The author 
is informed that at least one all-metal railway car was 
built many years ago, but subway limitations of size, 
weight, and manufacturing cost compelled the develop- 
ment of an entirely original design. Attempts had been 
made to produce car bodies that would not burn by 
building them of asbestos in moulded and board forms, 
and also by searching for a method of fireproofing wood, 
but the steel car was recognised as the real answer to the 
problem. To assist in gauging the seriousness of the 
danger, consider the following facts: A fire in one train 
would threaten a large number of people, 1,000 to 1,200 
in 1903, 1,600 to 2,000 at the present time. A fully 
loaded express train draws momentarily from the power 
system every time it starts from rest, that is, every few 
minutes, 4,000 kw. (approximately 5,300 h.p.), which is 
nearly twice the (horse-power) capacity of the most 
powerful steam locomotive in this country. The power 
system which is adequate to meet such demand is of such 
enormous capacity that a dead short-circuit under a car 
might easily amount to 100,000 amperes, which at 600 
volts would be 60,000 kw. A current of that magnitude 
would produce such intense heat in a fraction of a second 
as to consume utterly any wood near it, not to mention 
the explosive effect of the sudden heating of air and 
moisture in the confined space of a subway tunnel. It is 
to be noted that not only is the car body constructed of 
incombustible materials (with a few exceptions), but, 
furthermore, the steel is an electrical conductor which 
forms a part of the power circuit (grounded side), so 
that any failure of insulation which might cause a fire 
is converted promptly into a short-circuit, and the power 





_ * Paper read before the American Society of Mechanical 
Engineers, at the New York meeting, December, 1923. 





supply disconnected directly. The lower the resistance 
of a short circuit, the more quickly the safety devices 
act. Not only is the insulation of the electrical con- 
ductors composed as far as possible of incombustible 
materials, but, in addition, the type of motor control 
and other apparatus has been improved and the arrange- 
ment of parts on the car changed until the risk to the 
Lei gd of the subways of injury by fire is vanishingly 
small. 

As the general adoption of an idea is good evidence 
of its merit, it is gratifying to note that both the block- 
signal train-control system and the steel car, which were 
developed on the Interborough subway, are steadily 
being introduced on our trunk-line steam railroads. 

In spite of the fact that modern subway cars are 
covered with detail apparatus, much of which is of an 
intricate nature, yet as each part is designed for the 
greatest reliability, the detentions due to equipment 
failures are astonishingly small and few. The author 
hopes that there will be contributed at this time some 
data of that kind, also of maintenance costs, depreciation, 
&c. It is interesting to note that some of the first 
Interborough cars, which are nearly twenty years old, are 
apparently good, from the physical standpoint, for many 
more years of life. 

City-Owned Rapid-Transit Lines in New York.—The 
municipally-owned rapid-transit lines of the City of New 
York are divided, for purposes of operation, into two 
groups, generally known as Interborough and New York 
Rapid Transit (also known at various times as Brooklyn 
Rapid Transit, New York Consolidated, New York 
Municipal Railway Corporation, and Brooklyn-Manhattan 
Transit Corporation). The Interborough system of lines 
(subway division) was constructed under three contracts : 
No. 1, dated February 21, 1900, No. 2, dated July 21, 
1902, and No. 3, dated March 19, 1913. The New York 
Rapid Transit system of subways, together with some 
elevated lines, was constructed under a single contract, 
No. 4, dated March 19, 1913, and is operated in con- 
junction with elevated lines owned by a predecessor 
company as a single system: the elevated lines of the 
Manhattan Railway Company, leased to the Interborough 
Company, are operated independently of the subway 
division, except in a few places, where trains of both 
operate over subway-division tracks under a trackage- 
right agreement. The car equipment furnished under 
contracts Nos. 1 and 2 is the property of the Interborough 
Company, and that supplied under contracts Nos. 3 and 4 
is owned by the city. 

Development of the Car Equipment of the Interborough 
Rapid Transit Company.—The story of the car equipment 
of the Interborough subway is essentially the history of 
the subway car. The first cars ordered for this road had 
bodies of a composite type, that is, wood with steel 
reinforcing and a sheathing of sheet copper, with asbestos 
around the wiring for fire protection. The general design 
of the car was that of a standard passenger coach with 
enclosed platforms. Motor cars equipped with two 
200-h.p. motors weighed 76,000 lb. without passengers, 
and trailer cars 51,300 lb. under like conditions. Before 
these cars were put in service a design was worked out for 
an all-steel body and a single experimental car con- 
structed. In this design only standard rolled-steel 
shapes then on the market were used, so that the weight 
of the finished car was found to be too great, being 
79,200 Ib. It is still in service, however, as a pay car. 
Although little time remained before the opening of the 
subway, the design was revised, and 300 of these cars 
were ordered. They weighed 76,925 lb. without passen- 
gers, equipped as motor cars. The subway began opera- 
tion with 103 of these steel cars and 502 composite cars. 
Express trains consisted of 8 cars—5 motor cars and 3 
trailer cars; local trains of 5 cars—3 motor cars and 
2 trailer cars. All cars had substantially the same overall 
dimensions as the latest cars, namely, 51 ft. $ in. long 
over anti-climber bumpers (51 ft. 4 in. coupling length), 
8 ft. 10 in. over door-threshold plates, 8 ft. 8 in. wide 
over the eaves, and 12 ft. 1} in. high above rail (light). 
The two motors of the motor cars were mounted on one 
truck of 80 in. wheel base; the trailer trucks had a 
wheel base of 66 in. There were four side doors, one 
at each corner, so located for convenience of operation 
by the guard, whose station was between cars; this 
operation was by mechanical levers which converted 
a vertical pull or push by the guard into a horizontal 
thrust against the door. 

Within a few years after the subway had been put in 
operation it became congested; one of the measures 
undertaken after an exhaustive study of possible methods 
of relief was to add centre side doors to the cars. This 
added an average of 8,500 lb. to the weight of a car, 
but substantially reduced the time at stations for loading 
and unloading passengers, thereby increasing the train 
capacity of the stations and the passenger capacity of 
the subway. These doors were operated by pneumatic 
door engines, each controlled by a transmission rod 
extending the whole length of the car with operating 
handles at the ends, functioning in the same manner as 
the operating handles for end doors. At this time also 
the length of the subway station platforms was increased 
to suit 10-car express trains (7 motor cars, 3 trailer cars) 
and 6-car local trains (4 motors, 2 trailers). For those 
who wish further details of the appearance and dimen- 
sions of these cars, a brief bibliography is appended. 

In the years 1915 to 1918 the company put into service 
800 new steel cars, and also removed all the composite 
car bodies from the subway, replacing them with steel 
bodies. (The composite bodies were equipped with new 
trucks and motors and are in service at present on the 
Manhattan elevated lines.) These later cars have 
pneumatic door engines for all side doors. The latest 
standard motor car weighs 75,500 lb. and the standard 
trailer 54,000 Ib. without passengers. Eighty-three of 
these cars were specially equipped for operation in the 
Queensborough (Belmont) tunnels, where the grades are 





steep, by being provided with two 120-h.p. motors per 
car, it being intended to operate them in trains made up 
entirely of motor cars. Their weight is 71,800 Ib. 
without passengers. After these changes and additions 
the subway © ggasi equipment amounted to 1,939 cars, 
all steel. e rush-hour load is figured at 162 persons 
per car at 140 Ib. each ; the total weight of a fully loaded 
10-car express train approximates 920,000 Ib., and that 
of a 6-car local train, 550,000 lb. These figures are for 
the latest type of car, the older cars being heavier. 
The general dimensions of the cars, as given above, 
were fixed in the light of the following limitations :— 
(1) Maximum axle load, 30,000 Ib. 
(2) Distance between centres of railroad tracks, 
12 ft. 6 in. 
°) Maximum height of car above rail, approximately 
2 ft. 


(4) Minimum radius of track curves, 148 ft. 

(5) Maximum grade 3-1 per cent., except in Queens- 
borough subway tunnels where it is approximately 4-5 
per cent. 

(6) Length of station platform: Express, 480 ft. ; 
local, 300 ft. 

(7) Average speed of fully-loaded trains between 
terminal station: Express service, 25 m.p.h.; local 
service, 15 m.p.h. 

Nearly five years ago, with a view'of lowering operating 
expenses, a scheme of multiple door control was developed 
to permit a reduction in the number of guards on a train 
and a shortening of the station stop. The scheme as 
worked out enables the side doors of an entire train to be 
controlled by a single guard, although in regular operation 
one guard is provided for each two cars. The principal 
changes made in the cars on account of this control were 
the conversion of the door-engine control from pneumatic 
to electro-pneumatic, the introduction of a more sensitive 
edge or shoe on the doors, and the addition of a con- 
siderable amount of wiring and electrical interlocks. 
These improvements were effected on 982 cars at a cost 
of nearly 2,000,000 dols. As a result of more than two 
years’ operation of these cars further improvements were 
developed which are now in course of installation. 

Details of the Interborough Company’s Latest Car.— 
All of the developments in the Interborough Company’s 
subway cars are embodied in a group of 100 trailer cars 
which have just gone into service, and accordingly the 
following description of these cars may be regarded as 
representative of the modern subway car. 

Body.—The body frame is made up of rolled- and 
pressed-steel members. The floor frame consists of 6-in. 
I-beams and 6-in. channels, held rigidly in place by 
liberal cross-braces. Under the centre door openings are 
stiffening girders 26 in. deep. Hedley anti-climbing 
buffers are fitted at each end. On this underframe is 
erected a superstructure of pressed-stee] side posts and 
carlines, all carefully braced to insure maximum re- 
sistance to shocks caused by buffing or collisions. The 
end bulkheads also contribute to stiffen the superstructure, 
The door openings are 4 ft. 2 in. wide, sufficient to allow 
passengers to pass in and out at the same time. Stanchions 
of enamelled iron pipe located just inside the doors 
separate and guide the two lines of people. With this 
arrangement it has been possible to reach an average 
loading or unloading time of 1 second per passenger, or 
less. The roof is of the monitor type with 12 ventilators 
of the deck sash type per side, and is lined with “‘ Agasote’’ 
—a heat-insulating material. The floor is of } in. 
(average) “ Flexolith,” a light-weight artificial stone. 
The fixed seats are 44 in number, 18} in. wide. Hinged 
seats wide enough for two persons are fitted at the centre 
doors to give increased seating capacity if desired. Fifty- 
six swinging metal handholds with enamelled steel grips 
are installed in each car. Route and destination signs 
are painted on metal plates and are mounted inside the 
windows in iron frames. The draft gear is of the friction 
type, securely attached to the car body. The air con- 
nections between cars for the air-brake system are made 
automatically by the draught gear. Body bolsters are 
of the built-up type. The air brakes are of the Westing- 
house U-E-5 type, with 25-ft. air compressors. Door 
engines are of the geared type, of sufficient power to close 
the doors in about 2 seconds. They are usually adjusted 
for a closing time of approximately 4 seconds. The end 
doors close an opening about 3 ft. wide ; they are opened 
and closed by hand. The interior finish is white enamel 
and light green paint, the exterior finish dark green ; 
the painting schedule calls for five coats. 

Body Electrical Features.—Each car has two systems 
of lighting, the emergency lighting being distinct from 
the normal. Energy for the normal lights is collected 
from the third rail by four shoes, one on each side of each 
truck. Twenty-five lights are provided in each car, 
two at each platform and the remainder inside the body 
in three rows, one along the longitudinal centre line of 
the car and the others over the seats. This arrangement 
produces a minimum illumination of 3-ft. candles on a 
plane 3 ft. 6 in. above the car floor with a voltage of 
85 per cent. of the line voltage. The lamps are 40-watt 
and are shaded. Two emergency lights are supplied, 
one at each end bulkhead, which are fed from a 34-volt 
storage battery of Edison cells. The emergency lights 
are automatically thrown into service by a relay upon 
failure of the normal supply. The battery is charged 
through the normal lighting system. 

The cars also have electric fans and electric heaters. 
There are four ceiling fans per car, each having four 
blades of the propeller type 38 in. long tip to tip, driven 
by a 150-volt electric motor at 380 r.p.m., the four motors 
being connected in series; and 24 heater coils per car, 
each of 550 watts capacity (divided into 3 degrees of 
heat), located under the seats. 

As already stated, it is possible for a sigle guard to 
control the side doors of an entire train if desired. In 
such case, by means of a communicating switch mounted 
under the platform roof the car control circuits are 








128 





ENGINEERING. 


[JAN. 25, 1924. 











connected to the control bus lines, which are completed 
between cars by jumpers of the usual type. The jumper 
heads are unusually large and sturdy for the greatest 
possible reliability. When the doors are closed, however, 
no control current passes between cars. The guard is 
provided with two push-button boxes, each having an 
opening and a closing button, one box for each side of the 
train. All doors of a car (on one side) open and close 
together, except the side end doors of end cars at short 
station platforms, which doors are specially disconnected 
from the door control system. Mechanical locks 
operated by an air cylinder are pushed into place behind 
each door when it is closed, to prevent them from opening 
while the train is in motion. Small lamps are mounted 
over the centre side doors, and do not burn unless all 
doors are closed and the mechanical locks are in place. 
Each door is provided with a sensitive door edge enclosed 
in @ prose protecting cover, which latter consists 
of two springs which are forced together if the door edge 
strikes any obstruction in the door opening. The contact 
of the two springs completes an electrical circuit in which 
is included the opening magnet valve of the door engine, 
causing the door to open at once. The door starts to 
close again immediately. If the obstruction has not been 
removed, the opening and closing of the door will be 
repeated indefinitely. As soon as all side doors are closed 
and locked, a signal lamp in the motorman’s cab burns. 
This does not require any attention by the guards. A bell 
cord for passing the starting signal to the motorman is 
also provided. In general, all wiring is single-conductor, 
each wire in @ separate iron conduit, to prevent leakage 
of current or crossed wires. A means of opening centre 
doors in case of emergency is provided. By the pulling 
of a cord inside the car alongside the door the door lock 
is withdrawn and the door-engine arm thrown off dead 
centre, after which the door may be pushed open. 

The motor cars are provided with two motors of the 
tapped-field type, rated 190 h.p. to 200 h.p. each, which 
are of sufficient power to produce an acceleration of a fully 
loaded train of standard make-up of 1-5 m.p.h. per 
second, and a free running speed of 40 m.p.h. (both on 
a level grade). The multiple-unit control is of the low- 
voltage type, designed to be operated from a, 34-volt 
battery, and is capable of handling trains of as many as 
20 cars. 

Trucks.—The trucks are all-steel, of the swing-bolster 
type, with a 66-in. wheel base and 31} in. wheels, all 
members being chosen and proportioned to produce a 
rigid and economical] structure. The bolster springs are 
of the full-elliptic type. Inside-hung brakes are used, 
proportioned to exert a pressure of 85 per cent. of the 
weight on the wheels. Axles are 6 in. in diameter at the 
wheel seats, with journals 5 in. by 8 in. Stucki side 
bearings are provided. 

Cars Developed by the New York Rapid Transit Corpora- 
tion—The New York Municipal Railway Corporation 
and the New York Consolidated Railroad Company, the 

redecessors of the New York Rapid Transit Corporation, 
had not subway cars when contract No. 4 with the city 
was signed in 1913; hence it was possible to develop a 
suitable design without the necessity of interchange- 
ability with existing equipment. 

The general dimensions of the cars were fixed in 
accordance with the following limitations :— 

(1) Maximum axle load, 30,000 Ib. 

(2) Distance between centres of railroad tracks, 13 ft. 

(3) Maximum height of car above rail, approximately, 
12 ft. 

(4) Minimum radius of track curves, 125 ft. 

(5) Maximum grade, approximately 5 per cent. 

(6) Length of station platform; 480 ft. (afterwards 
changed to 530 ft.) at express stations; 300 ft. at local 
stations. 

(7) Average speed of fully-loaded trains between 
terminal stations: Express service, 25 m.p.h.; local 
service, 15 m.p.h. 

After exhaustive studies of all existing types of rapid- 
transit cars suitable for use in subways, oupphacsenved 
by original investigation, the engineers of the Railway 
Corporation decided on an all-steel car 67 ft. long over 
bumpers (67 ft. 3} in. coupling length), 10 ft. wide over 
door threshhold plates (9 ft. 10; in. over the eaves), and 
12 ft. 1}; in. high above the running rails, equipped with 
two 160-h.p. motors and multiple-unit control, and 
intended to be operated in trains of a maximum of 
8 cars. The weight, including the latest modifications, 
approximates 94,000 lb. without passengers. 

articular attent.on is called to the door and seating 
arrangement ; it is equivalent to three compartments in 
line, around all sides of which seats are placed, with a 
pair of doors on each side of the car at the axis of each 
compartment. By this arrangement the average distance 
travelled in the car by a passenger entering or leaving has 
been reduced to 83-6 in. (calculated value), which may be 
compared with &7 in., the lowest for other cars of the 
kind existing in 1913. The seats are of a special contour 
developed in collaboration with the American Posture 
e. The seating capacity is 78 in rush hours, but 
movable seats are prov ded which may be lowered if 
desired, the use of which brings the seating capacity up 
to90. These cars have carried as many as 300 passengers, 
seated and standing. Nine hundred of these cars, sub- 
stantially duplicates, hava been delivered on the line, 
and 50 more are on order. The earlier cars were fully 
described in the technical press and a brief bibliography 
of such articles is appended. 

The other special features of these cars may perhaps 
be most conveniently explained by reference to the 
group of 50 cars above mentioned, now in course of 
manufacture. These are being equipped as trailer cars, 
but may be converted into motor cars by adding merely 
motors and control. 

Body.—The body is built on a skeleton of rolled and 
pressed steel. The floor framing consists of two 7-in. 


car, held in place by steel pressings at frequent intervals, 
the whole forming a rigid structure capable of resisting 
heavy buffing shocks or the impact of collisions, &c. 
Hedley. anti-climber buffers are provided at each end of 
the underframe. The side framing consists of pressed- 
steel posts thoroughly braced ; the sheathing is j,-in. 
sheet steel. As already stated, there are three pairs of 
doors per side, each door opening being 32 in. wide. 
The roof is of the monitor type, with 20 ventilators per 
side of the deck sash type. The floor is of Flexolith. 
The seats provide a width of approximately 17} in. per 
passenger. The route and destination signs are located 
in the side walls of the cars near the centre doors. Two 
separately adjustable rolls of cloth are provided, one 
carrying the names of the different routes on the system, 
the other the names of the different termini of the runs. 
Three-inch letters are used, which are unusually legible. 
There are 28 swinging handholds provided in each car 
in addition to iron-pipe stanchions. All doors, including 
one at each end of the car, 14 in all, are operated by 
electro-pneumatic door engines of the geared type, 
which are adjusted to close the doors in about 3 seconds, 
the limiting rate being under 2 seconds. The body 
bolsters, two in number, are of the built-up type. The 
draught gear is of the friction type, attached to an eye 
which is framed into and riveted to the car body. The 
air-brake connections between cars are made auto- 
matically by the draught gear. The air brakes are 
Westinghouse electro-pneumatic, type Amue. The 
interior finish is white enamel and light green paint ; the 
exterior finish is dark green. The painting schedule calls 
for six coats. The roof is lined with Agasote. The 
brake cylinder and accessories, door-control switches, 
storage battery, &c., are grouped under the centre of the 
car, as usual (and in motor cars the control equipment 
and air compressor). 

Body Electrical Features.—There are two systems of 
lighting in the car, normal and emergency. The normal 
lights are supplied from the third rail and consist of 20 
shaded 56-watt ceiling lamps in three rows, one along 
the axis of the car and one over each row of side seats. 
This arrangement of lights produces a minimum illu- 
mination of 3 ft.-candles on a plane 3 ft. 6 in. above 
the car floor with 85 per cent. of line voltage. The 
emergency lighting consists of six small lamps, supplied 
with energy from a 32-volt storage battery of Edison 
cells such as is used for motor and door control. There 
are several means provided for charging the battery. 
The emergency lights are automatically switched into 
service by a relay upon failure of the normal power 
supply. 

The entire car equipment is arranged so that one guard 


may control the doors of two or more cars. Some of 
the cars are permanently connected in Pg of three, 
the remainder being single cars capable of being made 


up into groups of any size. A four-car train usually 
consists of a three-car unit and a single car, a seven-car 
train of two three-car units and a single car. Three-car 
trains are operated by one guard ; four, five and six-car 
trains with two guards ; seven and eight-car trains with 
three guards. The guard’s station in a car is between the 
two centre doors, where a push-button control board is 
provided for his use. In the three-car unit the guard 
is stationed at the centre of the middle car. In these 
three cars he can open all side doors, open two adjacent 
end doors to the right of where he is standing, close all 
doors to his right (side doors), close all side doors to his 
left, close doors in front of him, close end doors to his 
right, close end doors to his left. These doors are on one 
side of the train only ; the doors on the opposite side are 
controlled by a separate button board. These operations 
are made possible by electrical control of the magnet 
valves of the door engines, using energy supplied from 
the 32 volt battery already mentioned. All the doors of 
a train are provided with interlocks which are connected 
into a single circuit that is completed through the motor- 
control circuit of motor cars ; it is arranged so that it is 
impossible to start a train until all doors are closed or 
within 1} in. of being closed. Thus an obstruction 
1} in. wide in the door opening will prevent a clear signal 
to the motor man. It is impossible to open the doors 
while the train is in motion. The motorman has a lamp 
in front of him, which is lighted when all car doors are 
closed; there is a buzzer signal also which is passed 
from guard to guard to the motorman for a “‘ proceed ” 
signal in case of temporary failure of the lamp circuit. 
Push buttons on the outside of the car and also mechanical 
tripping levers are provided to permit opening doors 
from outside the car if desired. Inasmuch as there is only 
one guard to a three-car unit, who stand in the centre car, 
call boxes are provided in the end cars whereby the guard 
in the centre car may be summoned in case of need. In 
order that the guard may announce station names in all 
cars, loud-speaking telephones (two per car) are installed 
in the end cars of each three-car unit. 

The cars also have electric fans and electric heaters. 
There are five ceiling fans per car, each having four blades 
of the propeller type, 38 in. long tip to tip, driven by a 
120-volt electric motor at 380 r.p.m., the five motors 
being connected in series; and 30 heaters per car, each 
of 700 watts capacity (divided into three degrees of heat), 
located under the seats. 

One motor is located on each car truck of motor cars ; 
the motors are of the tapped-field type and of sufficient 
capacity “to produce an acceleration of a loaded train 
(270 passengers per car) of 1-25 m.p.h. per second, and a 
free running speed of 40 m.p.h., both on level grade. 
The multiple unit control is of the low-voltage type, 
designed to be operated from a 32-volt storage battery. 
It is capable of handling trains of 16 cars, which is 
twice the maximum length of a train of the present 
standard. The control circuits are extended from car to 
car by power-operated commutating switches, known as 
“slides,” built into the car couplers. There is also an 


the motor accelerating current is increased with the 
passenger load. A 36-ft. air compressor is standard for 
these cars. 

Trucks.—The trucks are all steel, of the swing-bolster 
type, with an 80-in. wheel base and 31-in. wheels, with 
pressed and rolled-steel side frames, all members being of 
ample section and securely riveted together. The bolster 
springs, two in number, are of the full-elliptic type. The 
brakes are of the clasp type, using malleable iron shoes, 
and are proportioned to exert a pressure of 85 per cent. 
of the weight on the wheels. They are equipped with 
slack adjusters. . Axles are 64 in. in diameter at the wheel 
seats, with journals 5 in. by 9 in. Stucki side bearings are 
provided. (The wheels of motor trucks are 34} in. and 
31 in. diameter.) 

Other Types of Cars.—The experience already gained 
with cars equipped as described above led the engineers 
of the corporation to make other experiments, two of 
which are described here. 

The first is to be applied to the existing elevated cars, 
of which the corporation owns more than 900. The 
wooden bodies are set upon and firmly attached to steel 
underframes which are coupled together in threes by long 
drawbars, forming a draught-gear system entirely in- 
dependent of the car bodies, and one capable of with- 
standing service shocks and impacts. The bodies are 
rebuilt to have two doors per side (and no end doors of 
the unit), both of which are operated by one geared door 
engine. This engine is of a late type, with a single magnet 
valve and a differential air piston for control instead of 
two magnet valves. The guard’s station is at the end of 
a three-car unit instead of in the centre of the middle car, 
as already described for steel cars. One six-car (two- 
unit) train of this type is in experimental operation. 

The second scheme has been developed from certain 
ideas already on trial in Europe, and is known as the 
“articulated” train. Four units of this type are sub- 
stantially as long as eight of the present standard cars. 
Each unit has a body of three sections articulated 
together and supported on four trucks. The special 
features are stated to be no intermediate end doors, 
location of guard at end of unit, and possibility of more 
efficient motor control. In the first design wide single 
side doors are shown instead of pairs of narrower doors, 
to save space. 

Acknowl .—In conclusion, the author acknow- 
ledges with grateful appreciation the help and encourage- 
ment which he has received from many sources, particu- 
larly from Messrs. James S. Doyle, assistant to the 
general manager, Interborough Rapid Transit Company ; 
W. G. Gove, superintendent of equipment, New York 
Rapid Transit Corporation, and Harry N. Latey, engineer 
of equipment and operation, Transit Commission of the 
State of New York. : 
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Practically all of the articles listed above are illustrated. 





Surerine at Rio pe JaANErRO.—According to the last 
bulletin, dated November, received from the Br'tish 
Chamber of Commerce in Brazil, the entries at the 
Port of Rio de Janeiro for September numbered 236 
steamers and 8 sailing craft. The*nationalities were as 
follow :— Brazilian, 103; British, 43; Italian, 22; 
German, 18; French, 16; American, 14; Norwegian, 
Dutch and Swedish, each 7; Japanese and Belgian, 
each 2; Spanish, Danish and Greek, each 1. The 
aggregate tonnage of the Brazilian vessels was 106,247 
tons and of the foreign ones 590,186 tons. The striking 
feature in the above information is the comparatively 
high German number of ships and the comparatively 
low American number. 





Steam Bomer Expiosions 1s GERMANY, 1922.— 
Recently-published statistics record ten boiler sponovs 
in Germany during the year 1922; 8 people were 
killed and 21 injured, 5 of the lattes seriously. Deficiency 
of water is considered responsible in five cases; clogged 
or badly-mounted water gauges were found in two of 
these cases. Local superheating took place in a steam 
drum, which split in a length of 570 mm.; attention 
had previously been drawn to the risk incurred. The 
whole front of another steam drum was blown off, 
splitting in the flange; the feed-water pipe terminated 
near that flange. Incipient cracks in similar boilers 
have been reported from several electricity works. 
Faulty stay bolts and overloading of a safety valve 
caused the end of one marine boiler. Lamination of a 
plate was discovered in another marine boiler on board 
of a steam tug. Half of the deck was destroyed, and 
the three men of the crew were killed; the boiler which 
dated from 1889, had stood the hydraulic test two years 
previously. Corrosion due to bad feed water was 








and two 8-in. channels extending the full length of the 





empty and load brake attachment, by means of which 


established’ in one case. 
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“ ENGIN EERING” ILLUSTRATED PATENT 
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SBLEOTED ABSTRACTS OF RECENT PUBLISHED 
SPEOIFIOATIONS UNDER THE AOTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
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ELECTRICAL APPARATUS. 


204,764. J. Mirrey, East Bolden, and H. W. Clothier, 
Wallsend-on-Tyne. Oil-Immersed Electric Switch Fuses. 
(5 Figs.) July 3, 1922.—The invention has particular reference 
to ironclad switch fuses intended for working on high voltage 
systems. According to the invention the lid or cover carrying the 
fuse or fuses is balanced, say, by a counterweight or spring, and is 
provided with auxiliary means for overbalancing it, such, for 
example, as a separate supplementary weight or spring acting to 
accelerate the opening movement and to retard the later stages 
of the closing movement. is a box or casing made to contain oil. 
The incoming leads pass up through boxes B and the outgoing 
conductors pass out through other boxes C. These incoming 
and outgoing conductors terminate in fixed contacts D and D1, 
which, when the lid or cover of the box is closed, receive the ends 
of a fuse E carried = insulators F mounted on the inside of the 
lid. In the example illustrated, the lid is in two parts, one 
portion A2 being normally clamped tightly down over the box A, 
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whilst the other portion A4 carrying the insulators F and fuses E 
is hinged or pivoted so that it is movable relatively to the 
normally fixed portion A2. The fixed portion A2 of the lid is 
provided with openings through which the insulators F and the 
fuses E can pass. The weight of the movable lid A4 is counter- 
balanced by weights G carried on arms pivoted on a rod H, and 
having their ends connected to the lid A4. These weights G are 
merely intended for counterbalancing purposes, and supple- 
mentary weights J are provided for overbalancing the lid, that 
is to say, for causing it to tend to open quickly when allowed to do 
so. These supplementary weights J are carried on a rod Jl 
having arms loosely pivoted on the rod H. In the closed position 
of the movable lid A4, brackets or projections J5 attached to the 
weights J rest upon the weights G and thus exert a leverage on the 
lid A4 tending to openit. This tendency is normally counteracted 
by catches K mounted on a spate K1 partially rotatable in 
bearings on the fixed portion A2 of the lid and engaging with a 
part of the movable lid A4. (Sealed.) 


204,732. The Telegraph Condenser Company, Limited, 
London, W. J. Cole, London, and S. G. Brown, North Acton. 
Electrical Condensers. (9 Figs.) April 8, 1922.—The invention 
relates to electrical condensers of the type in which strips of thin 
flexible metal or metal-coated paper together with separating 
strips of paper or other insulating material are rolled up into a 
coil. According to the invention, the condenser comprises 
elements of coil type in which each coil A is wound over a thin 
tube or former B of substantial diameter, so that when the con- 
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Fig. 1. 
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denser coil is complete it has a large central passage b which allows 
eil or other medium to circulate freely and so keep the condenser 
cool, the coils being mounted so as to leave the oil passages 
unimpeded. To reduce the -section of the condenser to 
allow for closer packing, the tube B is made of other than cylin- 
drical form. The tubular former may extend through the 
wound condenser at one or both ends, or may be provided with 
lugs bl projecting through the ends for convenience in supporting 
the condenser. (Sealed.) 


ENGINEERING. 





GAS ENGINES, PRODUCERS, HOLDERS, &c. 


204,449. Crossley Motors, Limited, Gorton, Manchester, 
and T. D. Wishart, Heaton Chapel, near Stockport. 
Internal Combustion Engines. (1 Fig.) July 24, 1922.— 
The invention relates to the packing of cylinder-head joints 
of water-cooled internal-combustion engines. The usual method 
and manner of fixing the detachable head to the cylinder by means 
of studs and bolts is employed, and the joint is made between 
these two parts by means of the usual type of copper and asbestos 
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gasket A provided with passages through the same in the usual 
manner. B represents the water joint packing which is actually 
connected to the main explosion joint gasket A by means of a 
small connecting piece C which is used to locate the water joint 
packing B in its correct position only. An almost complete air 
space is thus provided between the explosion gasket A and the 
water joint packing B to allow of the escape of any water from said 
connection, (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


204,811. Ropeways, Limited, Finsbury, London, and 
E. Roe, Finsbury, London. Sheaves and Wheels. (12 Figs.) 
July 21, 1922.—The invention has reference to sheaves, wheels 
and pulleys having renewable treads embedded in circumferential 
recesses between the side flanges. According to the invention, 
the tread a is made of strip material, for instance, steel, bent 
to a circular shape and made of such size as to fit closely within 
a circumferential recess b formed in the bottom of the sheave 
groove c between the side flanges and adapted to be stretched or 
opened out to admit of its being passed over the bearing spindle 
and one of the flanges of the sheave, and then to contract or be 
contracted in diameter to fit the groove in which it is placed. 
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The ends of the tread are tapered sideways al, a2, to form a scarf 
joint. The ends are drawn tightly together by forming the 
adjacent sides with angular recess a3, a4 sha to form between 
them a diagonally arranged rectangular hole having oppositely 
tapered side walls for the reception of the tapered head of a 
bolt f, the shank of which extends through the rim of the sheave 
and is provided with a nut for tightening up the bolt and causing 
opposite sides of the head thereof to bear tightly against the 
opposite inclined end walls of the rectangular hole and draw the 
overlapping end portions al, a2 together and cause the tread to be 
tightly clamped against the bottom of the circumferential recess b. 
(Accepted October 17, 1923.) 


204,287. Beckett and Anderson, Limited, Glasgow, and 
R. C. Anderson, Glasgow. Hauling Machines. (3 Figs.) 
May 22, 1923.—The invention relates to stationary hauling 
machines, commonly called haulers, that is machines- which, 
while themselves anchored to the ground and stationary, are 
employed to haul or move bodies by means of ropes which are 
wound up on drums carried by the machines. The invention 
consists in a hauler provided with double reduction gearing. 
The gear wheels are contained in the drum &, and the shaft z 
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of the last gear wheel g carries (keyed on it) a brake pulley j 
which is held when it is desired to drive the drum. The chief 
characteristics of the invention are: (1) that}the last gear 
wheel g is provided with two bearings s,'t, one, 8, carried by the 
fixed base plate or frame of the machine and the other, t, by the 
winding drum; and (2) that the first pinion v is provided with 
two bearings c, r, one, ¢ carried by the winding drum, and the 
other, r, by the boss of the last gear wheel g. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


204,735. T. White, Walsall. Ratchet Drilling Machines. 
(6 Figs.) December 16, 1922.—The invention relates to what 
are known as ratchet drilling machines. According to the 


one of which constitutes the drill spindle while the other consti- 
tutes a shank for the eg aay of an o ting handle, gearing 
being Siwened between the shafts th incorporating one-wa; 

clutches adapted to impart a waldlicestional dave to the arill 
spindle. A casing totally encloses the gearing and is provided 
with openings for the passage of the spindles constituting the 
shank and drill spindle. The mechanism of the device is all 
enclosed in a casing 1 mounted on the hollow drill spindle 2. 
The drill spindle 2 has a shoulder 6 which abuts against the boss 7 
on the base of the casing 1. At its upper end the spindle 2 is 
provided with the usual screwed sleeve 8 of hexagonal form 
carrying the centre bit. A spur wheel 11 having an a 
extending sleeve portion 12 is mounted on the drill spindle 2 
and secured thereto against rotation. Mounted on the sleeve 12 
is a second spur wheel 14 which is connected with the sleeve 
through a free wheel device. The bose 7 is extended right across 
the centre portion of the base of the casing 1 and a second spindle 
20, parallel to the drill spindle, is screwed into the boss 7. Mounted 
on the spindle 20 is a spur wheel 21 provided with a sleeve 22, on 
which is mounted the first motion spur wheel 23 through the 
medium of a free wheel arrangement. The spur wheel 21 is free 
to rotate on the spindle 20, and the first motion spur wheel 23 is 
provided with a central uwpward-extending shank portion 24 
which forms an operating member projecting from the casing 1, 
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on which the operating lever 27 is mounted. The spur wheels 
14, 23 mesh together as shown in Figs. 2 and 3, and the spur 
wheels 11, 21 are geared together by means of an intermediate 
idle pinion 40. The operation of the drill is as follows: On 
moving the operating lever 27 through its arc of motion in a 
clockwise direction, the free wheel member 23 drives its spur 
wheel 21 and the drive is transmitted through the spur wheel 21 
and intermediate pinion 40 to the spur wheel 11 ; the drill spindle 
is thus rotated in a clockwise direction. The spur wheel 14 has 
meanwhile been idly rotating in a counter-clockwise direction, 
since it is in engagement with the spur wheel 23. When the 
operating lever is moved back in a counter-clockwise direction, 
the spur wheel 23 rotates freely on the spur wheel 21 and drives 
the ev wheel 14 directly in a clockwise direction. The spur 
wheel 14 drives the spur wheel 11 in this direction of rotation, 
and thus the drill spindle continues to be rotated in a clockwise 
direction. During this time, of course, the spur wheel 21 has 
been idly rotating in a clockwise direction being driven by the spur 
wheel 11 through the intermediate gear 40. (Sealed.) 


204,835. Barr and Stroud, Limited, Anniesland, Glas- 
gow, A. Barr, Anniesland, Glasgow, and A. D. S. Barr, 
Anniesland, Glasgow. Self-Aligning Spherical Bearing. 
(4 Figs.) August 16, 1922.—The invention relates to self-aligning 
spherical bearings. According to the invention, a housing D is 
provided formed in two or more parts to be assembled about a 
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sphere C, and the space between the surface of the sphere C and the 
inner surface of the housing D is filled with metal E, say, anti- 
friction metal, which is cast while the sphere is in position within 
its housing and which acts to hold the forming the housing 
together. The bearing when completed acts to retain the sphere 
in position. (Sealed.) 


MINING, METALLURGY AND METAL WORKING. 


204,262. R. E. Goldsbrough, Newcastle-on-Tyne, and 
Goldsbrou Patents Company, Limited, Newcastle-on- 
Tyne. Blast-Furnace Tuyeres. (2 Figs.) January 25, 
1923.—According to the invention, a blast-furnace tuyere is made 
in parts which can be readily assembled or taken apart, one 
portion being provided with a helical thread or a series of ribs 
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with which co-acts another portion so as to form a coil or sinuous 
ae through which cooling water or fluid is circulated. The 
myere comprises an inner portion or nozzle a and an outer 
portion or cover b. The nozzle a is cast with an external helical 
thread c with end flanges d, ¢, and with an internal return water 
pipe f closed by a plug at its front end and connecte to an outflow 





invention, the machine comprises a pair of spaced parallel spindles 





pipe p at its back end. A boss on the back flange e receives the 
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end of the water supply pipe h. The cover d is provided with end 
flanges j, k and surrounds the nozzle a, thus closing in the 
thread c and converting it into a helical coil through which the 
cooling water circulates, (Sealed.) 


MOTOR ROAD VEHICLES. 


,360. Sir H. Austin, Bromsgrove. Torque 
Members. (2 Figs.) February 26, 1923.—The invention relates 
to torque tubes for motor road vehicles of the type supported at 
the front end by a double universal joint to permit of the torque 
tube Being free to move in any direction at its inner end. Accord- 
ing to the invention, the bearing for the forward end of the pro- 
peller shaft is arranged at or near the forward end of the torque 
tube, and is preferably substantially coincident with the vertical 
plane in which the universal joints lie and the shaft is extended 
forwards thereof and provided with a universal joint at its forward 
end, such joint being preferably also telescopic. A is the torque- 
tube and B a short sleeve passing over the inner end thereof. 
Cis the propeller shaft passing centrally through the torque tube A. 
The sleeve B has at its forward end a cup D containing a ball 
bearing for supporting the end of the shaft C and a thrust bearing. 
Keyed to the end of the shaft C is a drum forming one member 
of a telescopic joint through which the shaft c is driven. The 
cup D is provided with two downward-extending lugs between 
which is pivotted a downward-extending block F. The block F 
is connected by pivots with a vertical cylindrical spring box G. 








The pivots of the block F and box G lie in planes at right angles. 
A hole is formed through the wall of the spring box and through 
this hole there projects within the box a shank A rigid with a 
ball H. The shank A is bolted to a transverse member of the 
chassis frame. Washers are placed above and below the ball H, 
and each is formed with a hollow to fit over the surface of the 
ball, and between each washer and the corresponding end of the 
spring box there is placed a coil spring m. It will be seen that if 
the torque tube moves longitudinally, as is the case when both 
rear springs are equally flexed, the spring case G simply rocks 
forward, turning about the centre of the ball H, and turning at 
its upper end about the pivot pin of the block F. If the torque 
tube end requires to move sideways due to one rear spring being 
flexed more than the other the spring case G turns in a transverse 
plane about the ball H and about the pivot pin of the case G, 
If the torque tube end moves up or down under reaction of the 
drive, or when the brakes are put on, as the case may be, the 
upper or lower coil spring in is compressed, allowing the spring 
box to move vertically in relation to the ball H. (Sealed.) 


204,741. The Standard Motor Company, Limited, 
Coventry, W. R. Turner, Coventry, and R. W. Maudslay, 
Coventry. Change-Speed Gear Operating Mechanism. 
(3 Figs.) June 6, 1922.—The invention relates to change-speed 
gear-operating mechanism for motor vehicles of the kind in which 
the gear box is arranged rather far forward on the vehicle. The 
change speed lever A terminates at the upper end in a ball A2. 
The ball A2 lies in a socket housing B2 on the rod B, which extends 
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backwards and terminates in some convenient form of grip B5 
close to the driver. The only support for the rod is in a ball and 
socket bearing C, D attached to the dashboard E. The rod B 
has a bearing fit in a long hole in the ball C, which is free to twist 
in the housing D. To effect selection, the rod B is rocked side- 
ways. This moves the change speed lever sideways. Then a pul 
or push imparted to the rod will effect engagement of the required 
gear, (Sealed.) 


RAILWAYS AND TRAMWAYS. 


204,797. W. Greenwood, Oldham, J. Haigh, Oldham, 
and A. W. Wright, Oldham. Railway Chair Keys. (4 Figs.) 
July§i4, 1922.—The invention relates to keys for the chairs of 
railway tracks. A railway key, in accordance with the invention, 
comprises a substantially U shaped member 1, the closed end of 





which is adapted to lie in the hollow of the rail 2 and the open 
end of which is adapted to receive one of the chair lugs 5. A 
member 6 is inserted in the member 1 and bears against the face 
of the lug 5. A spring member 11 is inserted vertically under 
compression between the members 1 and 6. The shomtber 1 is 
provided with a shoulder 9 facing downwards, and adapted to 
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be engaged by a corresponding shoulder 12 on the spring member 


11, and the member 6 is provided with a groove 7 adapted to 
be engaged by the spring member 11, and with a shoulder 8 facing 
upwards for the end. of the spring member to rest on. (Accepted 
October 17, 1923.) 


204,427. Robert Dempster and Sons, Limited, Elland, 
and W. Hargreaves, Elland. Discharging Railway Wagons. 
(2 Figs.) July 6, 1922.—The invention relates to rotary tipplers 
for effecting the discharge of the contents of railway wagons. 
According to the invention, gear for clamping the wagon at the 
top and bottom at a single operation comprises vertical screws c5 
carrying nuts c4, on which are fulcrummed two armed levers c3 
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connected to vertical rods cl which actuate the upper clamps or 
buffers ¢, and to links c7, c3 actuating the lower clamps or 
buffers Cl, a rotary motion being simultaneously imparted to 
all the screws through gearing driven from a hand or power- 
driven shaft cll to cause the clamps or buffers to grip the top 
and lower bottom corners of the truck. (Sealed.) 


204,181. A. Spencer, Westminster, London. Huffing 
and Draw Gear for Railway, Tramway and Like Vehicles. 
(3 Figs.) August 1, 1922. —The invention relates to automatic 
couplings of the central buffer type comprising a central coupling 
head formed in one with, or rigidly connected to, a draw-bar. 
According to the invention, the outer end of the draw bar 1 rests 
upon a tramsverse bar 12, the ends of which are supported by a 
pair of suspension links 9 located one at each side of the draw bar. 
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Trunnion pins 8 project from the upper ends! of the suspension 
links resting on supports or seats 7 tixed to the vehicle headstock, 
and the transverse bar 12 has bifurcated ends resting upon 
similar trunnion pins 10 projecting from the lower ends of the 
suspension links. The normal position of the suspension Jinks 
may be vertical, or they may be inclineds inward or outwards 
towards their lower ends after the manner of the suspension links 
supporting the bars upon which rests the spring plank of a railway 
vehicle bolster bogie. (Sealed.) 


204,086. H. E. Gresham, Salford, Manchester, and 
G. Kiernan, Salford, Manchester. Vacuum Brake 
Apparatus. (6 Figs.) May 19, 1922.—The invention relates to 
vacuum brake apparatus and more particularly to the diaphragm 
valves employed in combination with vacuum chambers for 
controlling the admission of supplementary supplies of air to the 
train pipe for the purpose of obtaining a rapid application of the 
brakes. The invention comprises a passage permitting only 
a restricted inflow of air to, or outflow of air from, the vacuum 
chamber when the diaphragm valve is closed and means per- 
mitting the rapid exhaustion of the vacuum chamber when the 
diaphragm valve is closed, and a rapid flow of air from the train 
pipe to the vacuum chamber when the diaphragm valve is open. 
In the application of the invention as illustrated to a diaphragm 
or rapid-acting valve a having a central aperture through it 
with a fixetl plug or partial closure piece } therein, the latter, 
which provides only a restricted passage through the aperture 
when the valve is closed but a wider passage when the valve is 





open, is extended into the vacuum chamber ¢ and has an aperture 
through it provided with a non-return valve d which opens in 
a direction away from the vacuum chamber so as to permit 
the rapid exhaustion of the latter should a vacuum exist in the 
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train pipe e after an operation of the valve a. By reason of the 
rapid recreation of a vacuous condition in the vacuum chamber c, 
so long as vacuum remains in the train pipe, it is possible to obtain 
repeated automatic openings of the valve a whilst partial vacuum 
exists in the train plpe. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


204,544. Sir F. Lobnitz, Renfrew, and Lobnitz and Co., 
Limited, Renfrew. Sub-Aqueous Rock-Cutting Apparatus. 
(4 Figs.) October 14, 1922.—The invention relates to that class 
of sub-aqueous rock-cutting apparatus in which a floating struc- 
ture or barge propelled by steam power is used, the barge carrying 
a sheer legs structure from which a long and heavy cutter of the 
well-known ‘‘ Lobnitz”’ type is suspended and adapted to be 
raised by means of a steam winch and then allowed to fall, so that, 
by percussive action, it shatters the rock. The object of the 
invention is to have both the rock cutter gear f and the under- 
water guide gear g under the control of a single operator, and, for 
this purpose, two hoisting winches 25, 26 are provided, one, 25, 
for the cutter and one, 26, for the guide, the winches being located 
at opposite sides of a hoisting engine e in such manner that by 
means of suitable operating gear and clutches, the winches can 
be set in motion either simultaneously, or at different times, 
just as is required forthe workin hand. It is also desirable for the 
manceuvring of the vessel to be under the control of one man and 
for this purpose three manceuvring chains 1, 2, 3 pass round two 
sets of winch drums 4, 5, 6 and 7, 8, 9 (three drums in each set) 
operated by suitable gear from a single manceuvring engine d, 
each chain being arranged to pass over opposite drums in each set, 
the one chain 3 passing from a side anchor at the stern at one side 
of the barge round a winch drum 4 in one set, then into a chain 
locker 10, then over a winch drum 7 in the other set and out at 
the stern to a second stern anchor at the other side of the barge ; 
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the second chain 2 passing from an anchor ahead, round a winch 
drum 5 of the one set, into the chain locker 10, round a winch 
drum 8 of the opposite set, and, thereafter, out astern to a stern 
anchor ; the third chain 1 passing from a side anchor at the bow 
of the barge over a winch drum 6 of the one set, into the chain- 
locker 10, over a winch drum 9 of the second set and out again at 
the bow to a side anchor at the opposite side of the barge. The 
whole arrangement is such that by rotating the oppositely- 
disposed pairs of winch drums, the chains can be paid out at one 
side and drawn in at the opposite side and vice versa, simul- 
taneously, so that the vessel can be shifted laterally, or fore or aft, 
as desired. The whole gear can be under the control of one man 
who, by manipulating the drums of the manceuvring winch, 
can shift the vessel as desired. (Sealed.). 





Tue InstiTuTION OF PRopUCTION ENGINEERS.—The 
recent volume of the Proceedings of this Institution, for 
the session 1922-23, now iggued, contains a number of 
papers, with discussions, 6n a variety of engineering 
subjects, among which may be mentioned “ Jigs and 
Tools,’ ‘Machine Moulding Methods,” ‘‘ Modern 
Gauging Methods,” ‘The Efficient Tooling of Auto- 
matics,’’ &c., and other equally interesting subjects. 
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